DESCRIPTION
TITLE OF THE INVENTION: CURED FILM AND ORGANIC EL DISPLAY

DEVICE

TECHNICAL FIELD
[0001]
The present invention relates to a cured film and an

organic EL display device using the cured film.

BACKGROUND ART
[0002]

Many products that use organic electroluminescence
(hereinafter, “organic EL”) display devices have been
developed in display devices including thin displays, such
as smartphones, tablet PCs, and televisions.

[0003]

In general, an organic EL display device has a drive
circuit, a planarization layer, a first electrode, a pixel
division layer, an organic EL layer, and a second electrode
on a substrate. The organic EL display device can emit
light when a voltage is applied or an electric current is
passed between the first electrode and the second electrode
facing each other. As materials for a planarization layer
and materials for a pixel division layer among the above-

described components, cured films of photosensitive resin



compositions are generally used that can be patterned by UV
irradiation.
[0004]

Meanwhile, the demand for high reliability of organic
EL display devices has become severer year by year, and
materials for a planarization layer and materials for a
pixel division layer are also required to have a material
that does not undergo a decrease in luminance and pixel
shrinkage even after a reliability test under acceleration
conditions such as high temperature, high humidity, light
irradiation, and a continuous operation. Pixel shrinkage
is a phenomenon that the decrease in luminance occurs from
edges of each pixel or lighting failure occurs.

[0005]

The cured films of conventionally proposed positive-
type photosensitive resin compositions include a cured film
using a composition obtained by mixing a
naphthoquinonediazide sulfonic acid ester compound as a
photosensitive component with an alkali-soluble resin, the
cured film using a polyimide precursor as a resin before
curing (see, for example, Patent Document 1), and a
polybenzoxazole precursor (see, for example, Patent

Document 2).

PRIOR ART DOCUMENTS



PATENT DOCUMENTS
[0006]

Patent Document 1: Japanese Patent Laid-open
Publication No. 2002-91343

Patent Document 2: Japanese Patent Laid-open
Publication No. 2002-116715

Patent Document 3: International Publication No.

2016-047483

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

However, it is difficult to say that the materials
proposed in the above-mentioned Patent Documents have
sufficient performance from the viewpoint of long-term
reliability. Meanwhile, as materials for a pixel division
layer of an organic EL display device, there has also been
proposed a positive-type photosensitive resin composition
having long-term reliability enhanced by setting a sulfur
concentration in a cured film within a certain range (see,
for example, Patent Document 3). However, the cured film
formed of the resin composition described in Patent
Document 3 has improved long-term reliability against light
irradiation, but it cannot be said that the cured film

sufficiently suppresses a decrease in luminance during



high-temperature continuous operation. In view of the
above problems, an object of the present invention is to
provide a cured film having excellent long-term
reliability, and suppressing a decrease in luminance during
high-temperature continuous operation in particular when

used for an organic EL display device.

SOLUTIONS TO THE PROBLEMS
[0008]

In order to solve the above-mentioned problems, a
cured film of the present invention has the following
configuration.

[0009]

[1] A cured film containing a polyimide and/or a
polybenzoxazole, wherein

a molar ratio F (fluorine atom)/C (carbon atom) of a
fluorine atom to a carbon atom obtained when a cross
section of the cured film is measured with an electron
probe microanalyzer is 0 or more and 0.05 or less.

[0010]

[2] The cured film according to [1], further
containing one or more compounds selected from the group
consisting of a carboxylic acid having an indene structure,
a carboxylic acid ester having an indene structure, a

sulfonic acid having an indene structure, and a sulfonic



acid aryl ester having an indene structure.
[0011]

[3] The cured film according to [1l] or [2], further
containing polyhydroxystyrene and/or a
polyhydroxystyrene/polystyrene copolymer.

[0012]

[4] The cured film according to any one of [1] to

[3], further containing an aromatic hydrocarbon compound

having at least three phenolic hydroxyl groups in one

aromatic ring.

[0013]

[5] The cured film according to any one of [1] to
[4], further containing PB-alkoxypropionamide.

[0014]

[6] The cured film according to [1l] to [5], further
containing one or more sulfonic acids selected from the
group consisting of compounds represented by any of the
formulas (3) to (5) or sulfonate ions derived from one or
more sulfonic acids selected from the group consisting of

compounds represented by any of the formulas (3) to (5):

[0015]

[Chemical Formula 1]



(Ts)n
\ /)—SOsH (3)
R®-SO;H (4)
(o]
SO;H ( 5 )
[0016]
wherein

in the formula (3), R® each independently represents
a hydrogen atom or a monovalent organic group having 1 to
10 carbon atoms, and n represents an integer of 1 to 5; and

in the formula (4), R® represents a monovalent
organic group having 1 to 10 carbon atoms.
[0017]

[7] The cured film according to [1l] to [6], wherein

the polyimide and/or the polybenzoxazole has
repeating units each composed of an acid component and an
amine component, and

when the acid component and the amine component in
all the repeating units are each 100 mol%, the total of the
acid component having a fluorene structure and the amine
component having a fluorene structure is 0 mol% or more and
50 mol% or less with respect to 200 mol% of the total of
the acid component and the amine component.

[0018]



[8] The cured film according to any one of [1] to
[7], wherein the polyimide and/or the polybenzoxazole has a
residue represented by the formula (6):
[0019]

[Chemical Formula 2]

kX1 X2 X1—x
(6)
(R8)q (R®)qg
[0020]
wherein

in the formula (6), X! each independently represents
a direct bond, a divalent group represented by the formula
(7) or a divalent group represented by the formula (8), X2
represents a divalent group represented by the formula (9)
or the formula (10), R® each independently represents an
alkyl group having 1 to 4 carbon atoms or a hydroxyl group,
and d each independently represents an integer of 0 to 4;
[0021]

[Chemical Formula 3]

**_ﬂ 0 * *—0
%5* (7) Cj (8)

(R%)e

[0022]
in the formulas (7) and (8), R? each independently

represents an alkyl group having 1 to 4 carbon atoms or a



hydroxyl group, e each independently represents an integer
of 0 to 4, * represents * in the formula (6), ** represents
a bonding point bonded to an aromatic ring,

[0023]

[Chemical Formula 4]

(RM) R12 _R™
\\iigk (9) <% (10)
*7 Sk
[0024]

in the formulas (9) and (10), R!! each independently
represents an alkyl group having 1 to 4 carbon atoms, R12
and R13 each independently represent a hydrocarbon group
having 1 to 10 carbon atoms or a hydrogen atom, *
represents a bonding point bonded to an aromatic ring, £
each independently represents an integer of 1 to 4, g
represents 1 or 2, provided that R!? and R!3 represent
different substituents.
[0025]

[9] The cured film according to any one of [1] to
[8], wherein

the polyimide and/or the polybenzoxazole has
repeating units each composed of an acid component and an
amine component, and

when the acid component and the amine component in
all the repeating units are each 100 mol%, the total of the

acid component having an alicyclic structure and the amine



component having an alicyclic structure is 0 mol% or more
and 40 mol% or less with respect to 200 mol% of the total
of the acid component and the amine component.
[0026]

[10] The cured film according to any one of [1] to
[9], wherein the polyimide and/or the polybenzoxazole
contains a repeating unit having a fluorine atom directly
bonded to an sp2 carbon.
[0027]

[11] The cured film according to [10], wherein

the polyimide and/or the polybenzoxazole has
repeating units each composed of an acid component and an
amine component, and

when the acid component and the amine component in
all the repeating units are each 100 mol%, the total of the
acid component having a fluorine atom directly bonded to
the sp2 carbon and the amine component having a fluorine
atom directly bonded to the sp2 carbon is 5 mol% or more
and 100 mol% or less with respect to 200 mol% of the total
of the acid component and the amine component.
[0028]

[12] The cured film according to any one of [1] to
[11], wherein a molar ratio Si (silicon atom)/C (carbon
atom) of a silicon atom to a carbon atom obtained when a

cross section of the cured film is measured with an
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electron probe microanalyzer is 0.001 or more and 0.005 or
less.
[0029]

[13] The cured film according to any one of [1l] to
[12], wherein the cured film has a transmittance of light
at a wavelength of 450 nm per film thickness of 2.0 um of
30% or less.

[0030]

[14] The cured film according to any one of [1] to
[13], wherein the cured film has an OD wvalue of 0.5 to 1.5
in visible light per film thickness of 1 um.

[0031]

[15] An organic EL display device including the cured
film according to any one of [1] to [14].

[0032]

[16] The organic EL display device according to [15],
further including a color filter having a black matrix.
[0033]

[17] An electronic component including the cured film

according to any one of [1] to [14].

EFFECTS OF THE INVENTION
[0034]
The cured film of the present invention has excellent

long-term reliability, and suppresses a decrease in
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luminance during high-temperature continuous operation in

particular when used for an organic EL display device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0035]

Fig. 1 is a cross-sectional view of an example of an
organic EL display device.

Fig. 2 is a cross-sectional view of an example of a
display device.

Fig. 3 is a schematic view of the preparation

procedure of the organic EL display device.

EMBODIMENTS OF THE INVENTION
[0036]

A cured film of the present invention is a cured film
containing a polyimide and/or a polybenzoxazole, in which a
molar ratio F (fluorine atom)/C (carbon atom) (hereinafter,
may be referred to as an F/C ratio) of fluorine to carbon
obtained when a cross section of the cured film is measured
with an electron probe microanalyzer is 0 or more and 0.05
or less.

[0037]

The cured film of the present invention is a film of

a cured product obtained by curing a composition.

[0038]
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As a result of intensive studies, the present
inventors have found that by setting the molar ratio of the
fluorine atom to the carbon atom (F/C ratio) in the cured
film within the above range, the long-term reliability of
the cured film is improved, and a decrease in luminance
during high-temperature continuous operation in particular
when used for an organic EL display device is suppressed.
Although the mechanism is not clear, it is considered that
when the F/C ratio in the cured film is within the above
range, the gasification of a fluorine component from the
cured film and the fluorine contamination of an opening
during processing are suppressed, thereby preventing the
seepage of the fluorine component into a pixel and the
fluorine contamination of an electrode surface particularly
in the organic EL display device, and suppressing the
decrease in luminance during high-temperature continuous
operation.

[0039]

From the viewpoint of improving the long-term
reliability of the cured film and suppressing the decrease
in luminance during high-temperature continuous operation
in particular when used for the organic EL display device,
the F/C ratio obtained when the cross section of the cured
film of the present invention is measured with the electron

probe microanalyzer is 0O or more and 0.05 or less,
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preferably 0 or more and 0.03 or less, more preferably 0 or
more and 0.02 or less, still more preferably 0 or more and
0.01 or less, and particularly preferably 0. From the
viewpoint of improving the reworkability during the
preparation of the cured film, the F/C ratio is 0 or more
and 0.05 or less, preferably 0.01 or more and 0.05 or less,
more preferably 0.02 or more and 0.05 or less, and still
more preferably 0.03 or more and 0.05 or less. As a method
for measuring the F/C ratio, for example, in the case of an
organic EL display device having a cured film, the cured
film was exposed by decomposing and polishing the display
device, and the peak intensities of fluorine and carbon
were measured and determined by a gquantitative analysis
method using a standard sample using an electron probe
microanalyzer.

[0040]

Furthermore, in the cured film of the present
invention, the molar ratio Si (silicon atom)/C (carbon
atom) (hereinafter, may be referred to as an Si/C ratio) of
a silicon atom to a carbon atom obtained when the cross
section of the cured film is measured with the electron
probe microanalyzer is preferably 0.001 or more and 0.005
or less. When the Si/C ratio is 0.001 or more, the bending
resistance of the cured film can be improved. Although the

mechanism is not clear, it is considered that when the Si/C
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ratio is 0.001 or more, the adhesion of the cured film to a
polyimide film substrate is improved, so that the peeling
of the cured film at the time of bending is suppressed to
improve the bending resistance. Meanwhile, when the Si/C
ratio is 0.005 or less, the long-term reliability of the
cured film is improved, and the decrease in luminance
during high-temperature continuous operation in particular
when used for the organic EL display device is suppressed.
From the viewpoint of improving the bending resistance of
the cured film, the Si/C ratio is preferably 0.001 or more,
more preferably 0.002 or more, and still more preferably
0.003 or more. Meanwhile, the Si/C ratio is preferably
0.005 or less, more preferably 0.004 or less, and still
more preferably 0.003 or less, from the viewpoint of
improving the long-term reliability of the cured film and
suppressing the decrease in luminance during high-
temperature continuous operation in particular when used
for the organic EL display device. The Si/C ratio can be
measured in the same manner as in the measurement of the
F/C ratio by the electron probe microanalyzer described
above. Examples of a method for obtaining a cured film
having an Si/C ratio of 0.001 or more and 0.005 or less,
the Si/C ratio being obtained when the cross section of the
cured film containing the polyimide and/or the

polybenzoxazole is measured with the electron probe
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microanalyzer include, but are not limited to, a method for
adjusting the contents of an acid component having a
silicon atom and an amine component having a silicon atom
in a polyimide and/or a polybenzoxazole described later,
and a method for adjusting the content of a silane coupling
agent described later.

[0041]

The cured film of the present invention preferably
has a transmittance of light at a wavelength of 450 nm per
film thickness of 2.0 pum of 30% or less. When the
transmittance of light at a wavelength of 450 nm is 30% or
less, in a case where the cured film of the present
invention is used for an organic EL display device having
an oxide semiconductor thin film transistor, it is possible
to prevent the malfunction of the thin film transistor
(hereinafter, referred to as a TFT) or the like due to the
entry of ultraviolet light into the TFT. In order to
prevent the ultraviolet light from entering the TFT, the
transmittance of light at a wavelength of 450 nm is
preferably 30% or less, more preferably 20% or less, and
still more preferably 10% or less. The lower limit of the
transmittance of light at a wavelength of 450 nm is not
particularly limited, but is 0.01% or more. When the film
thickness of the cured film was other than 2.0 um, the

transmittance was converted into absorbance, and the
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absorbance was corrected to absorbance per film thickness
of 2.0 pm. Then, the absorbance was converted into the
transmittance again to determine the transmittance of light
at a wavelength of 450 nm per film thickness of 2.0 um.
[0042]

The cured film of the present invention preferably
has an OD value (optical density) of 0.5 to 1.5 in visible
light per film thickness of 1 um. If the OD value is 0.5
or more, the light shielding property can be improved by
the cured film, so that when the cured film of the present
invention is used for a display device such as an organic
EL display device or a liquid crystal display device,
external light reflection can be further reduced, allowing
to improve contrast in image display. From the viewpoint
of reducing reflection, the OD value in visible light per
film thickness of 1 um is preferably 0.5 or more, more
preferably 0.6 or more, still more preferably 0.7 or more,
and particularly preferably 0.8 or more. If the OD value
in visible light per film thickness of 1 uym is 1.5 or less,
exposure sensitivity during the preparation of the cured
film can be improved. From the viewpoint of high
sensitivity, the OD value in visible light per film
thickness of 1 um is preferably 1.5 or less, and more
preferably 1.0 or less.

[0043]
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The film thickness of the cured film of the present
invention is not particularly limited, but is preferably
1.0 pym or more, more preferably 1.5 um or more, and still
more preferably 2.0 um or more, from the viewpoint of
securing insulation properties. The film thickness of the
cured film of the present invention is preferably 5.0 um or
less, more preferably 4.0 um or less, and still more
preferably 3.0 um or less, from the viewpoint of reducing
degassing from the cured film.

[0044]

The cured film of the present invention is preferably
pattern-formed. Since the cured film of the present
invention is pattern-formed, it can be suitably used for
the application examples of the cured film described later.
[0045]

Specific examples of a method for obtaining the
pattern-formed cured film in which the F/C ratio obtained
when the cross section of the cured film containing a
polyimide and/or a polybenzoxazole is measured with the
electron probe microanalyzer is 0 or more and 0.05 or less
include the following.

[0046]
[Method 1]
A method for forming a resin film (hereinafter, may

be referred to as a resin film 1) having an F/C ratio of 0
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or more and 0.05 or less and made of a resin composition
containing one or more polymers selected from the group
consisting of a polyimide, a polyimide precursor, a
polybenzoxazole, a polybenzoxazole precursor, and a
copolymer thereof, forming a photosensitive resin film of a
photoresist (hereinafter, may be referred to as a
photosensitive resin film 1) on the resin film 1, then
exposing the photosensitive resin film 1, developing the
photosensitive resin film 1, etching the photosensitive
resin film 1, removing the photosensitive resin film 1, and
heat-treating the resin film 1.

[Method 2]

A method for forming a photosensitive resin film made
of a photosensitive resin composition containing a
photosensitive compound and one or more polymers selected
from the group consisting of a polyimide, a polyimide
precursor, a polybenzoxazole, a polybenzoxazole precursor,
and a copolymer thereof, wherein an F/C ratio in a solid
excluding a solvent from the photosensitive resin
composition is 0 or more and 0.05 or less, and exposing,
developing and heat-treating the photosensitive resin film.
[0047]

Herein, the polyimide precursor refers to a resin
which is converted into the polyimide by heat-treatment or

chemical-treatment, and examples thereof include a polyamic
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acid and a polyamic acid ester. The polybenzoxazole
precursor refers to a resin which is converted into the
polybenzoxazole by heat-treatment or chemical-treatment,
and examples thereof include a polyhydroxyamide.

[0048]

A method for setting the F/C ratio of the cured film
to 0 or more and 0.05 or less is not particularly limited,
but the method 1 or the method 2 is preferable, and the
method 2 is preferable from the viewpoint of simplifying
the production step.

[0049]

<Polyimide and/or Polybenzoxazole>

The cured film of the present invention contains a
polyimide and/or a polybenzoxazole (hereinafter, may be
referred to as a component (a)). When the cured film of
the present invention contains the component (a), the long-
term reliability of the cured film can be improved, and the
decrease in luminance during high-temperature continuous
operation in particular when used for the organic EL
display device can be suppressed.

[0050]

The component (a) has repeating units each composed
of an acid component and an amine component. Here, the
acid component and the amine component respectively refer

to a repeating unit derived from the acid component and a
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repeating unit derived from the amine component, which are
used as synthetic raw materials of the component (a), among
the repeating units constituting the component (a). As the
repeating units each composed of an acid component and an
amine component, the polyimide has a repeating unit
represented by the following formula (1), and the
polybenzoxazole has a repeating unit represented by the
following formula (2). The cured film of the present
invention may contain two or more kinds of each of a resin
having the repeating unit represented by the formula (1)
and a resin having the repeating unit represented by the
formula (2), or may contain a resin obtained by
copolymerizing the repeating unit represented by the
formula (1) and the repeating unit represented by the
formula (2).

[0051]

[Chemical Formula 5]

o

UL
G——N\\I(/ \\\“//

o

N (1)

[0052]

In the formula (1), E represents a tetravalent to
decavalent organic group having 4 to 40 carbon atoms, and G
represents a divalent to octavalent organic group having 6

to 40 carbon atoms. R! and R? each independently represent
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a carboxy group, a sulfonic acid group, or a hydroxyl
group. x and y each independently represent an integer of
0 to 6. Herein, x + y > 0.

[0053]

[Chemical Formula 6]

(Ra)s (R )t
x—<\ /\ P (2)
[0054]

In the formula (2), X represents a divalent to
octavalent organic group having 4 to 40 carbon atoms, and Y
represents a quadrivalent to decavalent organic group
having 6 to 40 carbon atoms. R3 and R? each independently
represent a carboxy group, a hydroxyl group, or a sulfonic
acid group. s and t each independently represent an
integer of 0 to 6.

[0055]

From the viewpoint of lowering the F/C ratio to 0.05
or less and improving the long-term reliability of the
cured film, when the contents of the acid component and the
amine component in all the repeating units in the component
(a) are each 100 mol%, the total content of the acid
component having a fluorine atom and the amine component
having a fluorine atom is preferably 0 mol% or more and 50

mol% or less, more preferably 0 mol% or more and 40 mol% or
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less, still more preferably 0 mol% or more and 20 mol$% or
less, particularly preferably 0 mol% or more and 10 mol% or
less, and most preferably 0 mol%, with respect to 200 mol%
of the total content of the acid component and the amine
component.

[0056]

From the viewpoint of setting the Si/C ratio to 0.001
or more and 0.005 or less, and improving the bending
resistance of the cured film and the long-term reliability
of the cured film, when the contents of the acid component
and the amine component in all the repeating units in the
component (a) are each 100 mol%, the total content of the
acid component having a silicon atom and the amine
component having a silicon atom is preferably 2.5 mol% or
more and 12.5 mol% or less, more preferably 3 mol % or more
and 11 mol% or less, still more preferably 4 mol% or more
and 10 mol% or less, and particularly preferably 5 mol% or
more and 8 mol% or less, with respect to 200 mol% of the
total content of the acid component and the amine
component.

[0057]

From the viewpoint of maintaining the long-term
reliability of the cured film while improving the
reworkability during the preparation of the cured film, the

component (a) preferably contains a repeating unit having a
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fluorine atom directly bonded to an sp2 carbon. Although
the mechanism is not clear, it is considered that the
gasification of a fluorine component from the cured film
and the fluorine contamination of an opening during
processing are suppressed in the case of having the
fluorine atom directly bonded to the sp2 carbon as compared
with the case of having the fluorine atom directly bonded
to an sp3 carbon such as a CF3 group even when the F/C
ratio of the cured film is about the same level in addition
to the improvement in reworkability involving the
improvement in solvent solubility due to the component (a)
containing the repeating unit having the fluorine atom.
[0058]

When the contents of the acid component and the amine
component in all the repeating units in the component (a)
are each 100 mol%, the total content of the acid component
having a fluorine atom directly bonded to the sp2 carbon
and the amine component having a fluorine atom directly
bonded to the sp2 carbon is preferably 5 mol% or more and
100 mol% or less with respect to 200 mol% of the total
content of the acid component and the amine component.

From the viewpoint of improving the reworkability during
the preparation of the cured film, the total content of the
acid component having a fluorine atom directly bonded to

the sp2 carbon and the amine component directly bonded to



24

the sp2 carbon is preferably 5 mol% or more, more
preferably 10 mol% or more, and still more preferably 20
mol% or more. From the viewpoint of improving the long-
term reliability of the cured film, the total content of
the acid component having a fluorine atom directly bonded
to the sp2 carbon and the amine component directly bonded
to the sp2 carbon is preferably 100 mol% or less, more
preferably 80 mol% or less, and still more preferably 60
mol% or less.

[0059]

From the viewpoint of improving the bending
resistance of the cured film, when the contents of the acid
component and the amine component in all the repeating
units in the component (a) are each 100 mol%, the total
content of the acid component having a fluorene structure
and the amine component having a fluorene structure is
preferably 0 mol% or more and 50 mol% or less with respect
to 200 mol% of the total content of the acid component and
the amine component. From the viewpoint of improving the
bending resistance of the cured film, the total content of
the acid component having a fluorene structure and the
amine component having a fluorene structure is preferably
50 mol% or less, more preferably 30 mol% or less, still
more preferably 10 mol% or less, and particularly

preferably 0 mol%. Meanwhile, from the viewpoint of
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improving the reworkability during the preparation of the
cured film, the content of the repeating unit having a
fluorene structure is preferably 10 mol% or more.
[0060]

From the viewpoint of improving the solvent
solubility of the component (a) and improving the
reworkability during the preparation of the cured film, the

component (a) preferably has a residue represented by the

formula (6).
[0061]

[Chemical Formula 7]

*x—X! X3 X1—x
(6)

(R%)q (R%)q
[0062]

In the formula (6), X! each independently represents
a direct bond, a divalent group represented by the formula
(7) or a divalent group represented by the formula (8), X2
represents a divalent group represented by the formula (9)
or the formula (10), R® each independently represents an
alkyl group having 1 to 4 carbon atoms or a hydroxyl group,

and d each independently represents an integer of 0 to 4.

[0063]

[Chemical Formula 8]
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(R%)e

[0064]

In the formulas (7) and (8), R? each independently
represents an alkyl group having 1 to 4 carbon atoms or a
hydroxyl group, and e each independently represents an
integer of 0 to 4. * represents * in the formula (6), and
** represents a bonding point bonded to an aromatic ring.
[0065]

[Chemical Formula 9]

(R“{ )

9 R12 R13

Q (9) >< (10
[0066]

In the formulas (9) and (10), R!! each independently
represents an alkyl group having 1 to 4 carbon atoms, R1Z
and R!3 each independently represent a hydrocarbon group
having 1 to 10 carbon atoms or a hydrogen atom, and *
represents a bonding point bonded to an aromatic ring. f
each independently represents an integer of 1 to 4, and g
represents 1 or 2. Herein, R!?2 and R!3 represent different
substituents.

[0067]
The residue represented by the formula (6) and

contained in the component (a) may be contained in either
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the acid component or the amine component, but is
preferably contained in the amine component since raw
materials are easily available.

[0068]

When the contents of the acid component and the amine
component in all the repeating units in the component (a)
are each 100 mol%, the content of the residue represented
by the formula (6) is preferably 5 mol% or more and 100
mol% or less. From the viewpoint of improving the
reworkability during the preparation of the cured film, the
content of the residue represented by the formula (6) is
preferably 5 mol% or more, more preferably 10 mol% or more,
still more preferably 20 mol% or more, and particularly
preferably 30 mol% or more. From the viewpoint of
improving the bending resistance of the cured film, the
content of the residue represented by the formula (6) is
preferably 90 mol% or less, more preferably 80 mol% or
less, and still more preferably 60 mol% or less.

[0069]

From the viewpoint of improving the bending
resistance of the cured film, when the contents of the acid
component and the amine component in all the repeating
units in the component (a) are each 100 mol$%, the total
content of the acid component having an alicyclic structure

and the amine component having an alicyclic structure is
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preferably 0 mol% or more and 40 mol% or less with respect
to 200 mol% of the total content of the acid component and
the amine component. From the viewpoint of improving the
bending resistance of the cured film, the total content of
the acid component having an alicyclic structure and the
amine component having an alicyclic structure is preferably
40 mol% or less, more preferably 30 mol% or less, still
more preferably 20 mol% or less, and particularly
preferably 10 mol% or less. Meanwhile, from the viewpoint
of improving the reworkability during the preparation of
the cured film, the total content of the acid component
having an alicyclic structure and the amine component
having an alicyclic structure is preferably 10 mol% or
more, and more preferably 20 mol$ or more.

[0070]

Examples of a method for measuring whether the cured
film contains a polyimide and/or a polybenzoxazole include
a method for analyzing the cured film by infrared
spectroscopy. In the cured film containing the polyimide
and/or the polybenzoxazole, the total content of the acid
component having a fluorine atom directly bonded to the sp2
carbon and the amine component having a fluorine atom
directly bonded to the sp2 carbon with respect to the total
content of the acid component and the amine component in

all the repeating units, the total content of the acid
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component having a fluorene structure and the amine
component having a fluorene structure with respect to the
total content of the acid component and the amine component
in all the repeating units, the content of the residue
represented by the formula (6) with respect to the amine
component in all the repeating units, and the total content
of the acid component having an alicyclic structure and the
amine component having an alicyclic structure with respect
to the total content of the acid component and the amine
component in all the repeating units can be determined, for
example, by pyrolysis GC/MS in which the cured film is
thermally decomposed at 600°C and then measured by gas
chromatography.

[0071]

The component (a) preferably has 5 to 100,000
repeating units represented by the formula (1) or the
formula (2). In addition to the repeating unit represented
by the formula (1) or (2), other repeating units may be
contained. In this case, the component (a) preferably has
50 mol% or more of the repeating units represented by the
formula (1) or the formula (2) with respect to 100 mol$% of
all the repeating units.

[0072]
In the above formula (2), X(R3)s represents a residue

of an acid. X 1is a divalent to octavalent organic group



30

having 4 to 40 carbon atoms, and preferably a divalent to
octavalent organic group containing an aromatic ring or a
cyclic aliphatic group. Examples of the residue of the
acid are shown below, but the component (a) may have two or
more residues of acids shown below as X(R3})s in the formula
(2) .

[0073]

Examples of the residue of the acid containing a
fluorine atom include residues of dicarboxylic acids such
as 2,2-bis(4-carboxyphenyl)hexafluoropropane,
tetrafluoroterephthalic acid, and tetrafluoroisophthalic
acid, and residues of 2,2-bis (3,4-
dicarboxyphenyl)hexafluoropropane, 2,2-bis(2,3-
dicarboxyphenyl)hexafluoropropane, 1,4-difluoro-2,3,4,5-
benzenetetracarboxylic acid, 1,4-bis(3.4-
dicarboxytrifluorophenoxy)tetrafluorobenzenoic acid,
hexafluorooxydiphthalic acid, and an aromatic
tetracarboxylic acid having a structure shown below.

[0074]
[Chemical Formula 10]
o o R21 O Rzzo o
HO N’]'I.S>(J'l.:Wd OH
HO H H
0] O

[0075]

R2! and R??2 each independently represent a hydrogen
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atom or a hydroxyl group.
[0076]

Examples of the residue of the acid containing no
fluorine atom include residues of dicarboxylic acids such
as terephthalic acid, isophthalic acid, diphenyl ether
dicarboxylic acid, biphenylldicarboxylic acid,
benzophenonedicarboxylic acid, and triphenyldicarboxylic
acid, residues of tricarboxylic acids such as trimellitic
acid, trimesic acid, diphenyl ether tricarboxylic acid, and
biphenyltricarboxylic acid, and residues of tetracarboxylic
acids such as aromatic tetracarboxylic acids (such as
pyromellitic acid, 3,3',4,4'-biphenyltetracarboxylic acid,
2,3,3",4"-biphenyltetracarboxylic acid, 2,2',3,3'-
biphenyltetracarboxylic acid, 3,3',4,4'-
benzophenonetetracarboxylic acid, 2,2',3,3'-
benzophenonetetracarboxylic acid, 1,1-bis(3,4-
dicarboxyphenyl)ethane, 1,1-bis(2,3-dicarboxyphenyl)ethane,
bis (3,4-dicarboxyphenyl)methane, bis(2,3-
dicarboxyphenyl)methane, bis(3,4-dicarboxyphenyl)ether,
1,2,5,6-naphthalenetetracarboxylic acid, 2,3,6,7-
naphthalenetetracarboxylic acid, 2,3,5,6-
pyridinetetracarboxylic acid, 3,4,9,10-
perylenetetracarboxylic acid), aromatic tetracarboxylic
acids having structures shown below, aliphatic

tetracarboxylic acids (such as butanetetracarboxylic acid),
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and aliphatic tetracarboxylic acids containing a cyclic
aliphatic group (such as 1,2,3,4-
cyclopentanetetracarboxylic acid).

[0077]

[Chemical Formula 11]

@) @)
(0) R21 R22 'e)
HO OH
O @) O O
[0078]

R20 represents an oxygen atom, SOz, or C(CHs),. Rl
and R?2 each independently represent a hydrogen atom or a
hydroxyl group.

[0079]

In the above formula (1), E(R!)x represents a residue
of an acid dianhydride. E 1is a tetravalent to decavalent
organic group having 4 to 40 carbon atoms, and preferably
an organic group containing an aromatic ring or a cyclic
aliphatic group. Examples of the residue of the acid
dianhydride are shown below, but the component (a) may have
two or more residues of acid dianhydrides shown below as
E(R!)x in the formula (1).

[0080]
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Examples of the residue of the acid dianhydride
containing a fluorine atom include residues of aromatic
tetracarboxylic dianhydrides such as 2,2-bis(3,4-
dicarboxyphenyl)hexafluoropropane dianhydride, 1,4-
difluoro-2,3,4,5-benzenetetracarboxylic dianhydride, 1,4-
bis(3.4-dicarboxytrifluorophenoxy)tetrafluorobenzoic
dianhydride, hexafluorooxydiphthalic dianhydride, and an
acid dianhydride having a structure shown below.

[0081]

[Chemical Formula 12]

o OR21 Rzzo o
g N I < I N o

0]

[0082]

R2!1 and R?? each independently represent a hydrogen
atom or a hydroxyl group.
[0083]

Examples of the residue of the acid dianhydride
containing no fluorine atom include residues of aromatic
tetracarboxylic dianhydrides such as pyromellitic
dianhydride, 3,3',4,4'-biphenyltetracarboxylic dianhydride,
2,3,3'",4"'-biphenyltetracarboxylic dianhydride, 2,2',3,3'-
biphenyltetracarboxylic dianhydride, 3,3',4,4'-benzophenone
tetracarboxylic dianhydride, 2,2',3,3'-benzophenone

tetracarboxylic dianhydride, 2,2-bis(3,4-
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dicarboxyphenyl)propane dianhydride, 2,2-bis(2,3-
dicarboxyphenyl)propane dianhydride, 1,1-bis(3,4-
dicarboxyphenyl)ethane dianhydride, 1,1-bis(2,3-
dicarboxyphenyl)ethane dianhydride, bis(3,4-
dicarboxyphenyl)methane dianhydride, bis (2, 3-
dicarboxyphenyl)methane dianhydride, bis(3,4-
dicarboxyphenyl)ether dianhydride, 1,2,5,6-
naphthalenetetracarboxylic dianhydride, 9,9-bis(3,4-
dicarboxyphenyl) fluorenic dianhydride, 9,9-bis{4-(3,4-
dicarboxyphenoxy)phenyl}fluorenic dianhydride, 2,3,6,7-
naphthalenetetracarboxylic dianhydride, 2,3,5,6-
pyridinetetracarboxylic dianhydride, 3,4,9,10-
perylenetetracarboxylic dianhydride, and dianhydrides
having structures shown below, aliphatic tetracarboxylic
dianhydrides such as butanetetracarboxylic dianhydride, and
aliphatic tetracarboxylic dianhydrides containing a cyclic
aliphatic group, such as 1,2,3,4-
cyclopentanetetracarboxylic dianhydride.

[0084]

[Chemical Formula 13]

21 22
S AL A 8
o] (6]
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[0085]

R20 represents an oxygen atom, SOz, or C(CHs),. R2l
and R??2 each independently represent a hydrogen atom or a
hydroxyl group.

[0086]

Y(R%)+ in the above formula (2) and G(R?)y in the
above formula (1) represent a residue of a diamine or
dihydroxydiamine. Y is a tetravalent to decavalent organic
group having 6 to 40 carbon atoms, and preferably a
tetravalent to decavalent organic group containing an
aromatic ring or a cyclic aliphatic group. G is a divalent
to octavalent organic group having 6 to 40 carbon atoms,
and preferably a divalent to octavalent organic group
containing an aromatic ring or a cyclic aliphatic group.
Examples of the residues of the diamine and
dihydroxydiamine are shown below, but the component (a) may
have two or more residues shown below as Y(R%)t: in the
formula (2) and G(R?)y in the formula (1).

[0087]

Examples of the residues of the diamine and
dihydroxydiamine containing a fluorine atom include
residues of aromatic diamines such as 2,2'-
di(trifluoromethyl)-4,4'-diaminobiphenyl, 2,2'-
bis(trifluoromethyl)-5,5"'-dihydroxybenzidine, 2,2-bis(3-

amino-4-hydroxyphenyl)hexafluoropropane, 2,4,5,6-
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tetrafluoro-1, 3-phenylenediamine, 2,3,5,6-tetrafluoro-1,4-
phenylenediamine, 4,4'-diaminococtafluorobiphenyl, 9,9-

bis (3-fluoro-4-aminophenyl) fluorene, 2-fluoro-1,4-
phenylenediamine, 2,5-difluoro-1,4-phenylenediamine, 4,4'-
diamino-2,2'-difluorobiphenyl, 4,4'-diamino-3,3'-
difluorobiphenyl, 4,4'-diamino-2,5,2',5'-
tetrafluorobiphenyl, 4,4'-diamino-2,6,2',6"'-
tetrafluorobiphenyl, 4,4'-diaminooctafluorodiphenyl ether,
and a compound in which at least some of hydrogen atoms in
these aromatic rings are substituted with alkyl groups or
halogen atoms, and residues of diamines having structures
shown below.

[0088]

[Chemical Formula 14]

R21 R22

Q@ R JICL
H,N N N NH
TN TN T

F3C™ "CF;

H FC CFs 4
H,N N O O N NH,
(0] (0]
A R2

R 2
[0089]
R?! to R?2 each independently represent a hydrogen
atom or a hydroxyl group.
[0090]

Examples of the residues of the diamine and
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dihydroxydiamine containing no fluorine atom include
residues of aromatic diamine and dihydroxydiamine such as
3,4'-diaminodiphenyl ether, 4,4'-diaminodiphenyl ether,
3,4'"-diaminodiphenylmethane, 4,4'-diaminodiphenylmethane,
1,4-bis (4-aminophenoxy)benzene, benzidine, m-
phenylenediamine, p-phenylenediamine, 1,5-
naphthalenediamine, 2, 6-naphthalenediamine, bis (4-
aminophenoxy)biphenyl, bis{4-(4-aminophenoxy)phenyl}ether,
1,4-bis (4-aminophenoxy)benzene, 2,2'-dimethyl-4,4"'-
diaminobiphenyl, 2,2'-diethyl-4,4'-diaminobiphenyl, 3,3'-
dimethyl-4,4'-diaminobiphenyl, 3,3'-diethyl-4,4"'-
diaminobiphenyl, 2,2',3,3'-tetramethyl-4,4"-
diaminobiphenyl, 3,3',4,4'-tetramethyl-4,4"-
diaminobiphenyl, 9,9-bis(4-aminophenyl)fluorene, 3,5-
diaminobenzoic acid, 3,4-diaminobenzoic acid, 2,5-
diaminobenzoic acid, bis(3-amino-4-hydroxyphenyl)sulfone,
2,2-bis(3-amino-4-hydroxyphenyl)propane, 4,6-
diaminoresorcinol, 9,9-bis(3-amino-4-

hydroxyphenyl) fluorene, 3,3'-diamino-[1,1'-biphenyl]-4,4"'-
diol, and a compound in which at least some of hydrogen
atoms in these aromatic rings are substituted with alkyl
groups or halogen atoms, residues of aliphatic diamines
containing a cycloaliphatic group such as cyclohexyldiamine
and methylenebiscyclohexylamine, residues of silicon atom-

containing diamines such as 1,3-bis(3-
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aminopropyl)tetramethyldisiloxane, o, ®-
bisaminopolydimethylsiloxane, o,w-bis (3-
aminopropyl)polydimethylsiloxane, 1,3-bis(3-aminopropyl)-
1,1,3,3-tetramethyldisiloxane, bis (10-
aminodecamethylene) tetramethyldisiloxane, bis(3-
aminophenoxymethyl) tetramethyldisiloxane, o,w-bis (3~
aminopropyl)polymethylphenylsiloxane, and o,w-bis (3-
aminopropyl)poly (dimethylsiloxane-

diphenylsiloxane) copolymer, residues of diamines having
structures shown below, and residues of diamines having the
residue represented by the above formula (6).

[0091]

[Chemical Formula 15]

R23 R24

R21 R22 R2! R22
L3 RO, LR R XX
HoN N N NH, H,N N N NH
R20
N R N
0 0 N NH
22 H,N 2
R21 R22

NH, NH,
H H
R%2 NTI/© H,N N“/©,
(! 1O
H,N R21

R21

[0092]

R20 represents an oxygen atom, SOz, or C(CHsz)2. R?! to
R?4 each independently represent a hydrogen atom or a
hydroxyl group.
[0093]

From the viewpoint of improving the solvent
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solubility of the component (a) and improving the
reworkability during the preparation of the cured film, X!
in the formula (6) is preferably a direct bond. Meanwhile,
from the viewpoint of improving the sensitivity during the
preparation of the cured film, X! is preferably a divalent
group represented by the formula (7) or a divalent group
represented by the formula (8), and more preferably a
divalent group represented by the formula (7). X2 in the
formula (6) represents a divalent group represented by the
formula (9) or (10), and preferably has a divalent group
represented by the formula (10) from the viewpoint of
improving the bending resistance of the cured film. RS
each independently represents an alkyl group having 1 to 4
carbon atoms or a hydroxyl group, and from the viewpoint of
improving the solvent solubility of the component (a), an
alkyl group having 1 to 4 carbon atoms is preferable, and a
methyl group is preferable. d each independently
represents an integer of 0 to 4, and from the viewpoint of
improving the solvent solubility of the component (a), d is
preferably an integer of 1 to 4.
[0094]

In the formulas (7) and (8), R? each independently
represents an alkyl group having 1 to 4 carbon atoms or a
hydroxyl group, and is preferably a methyl group from the

viewpoint that the heat resistance of the component (a) can
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be enhanced. e each independently represents an integer of
0 to 4, and from the viewpoint of improving the solvent
solubility of the component (a), d is preferably an integer
of 1 to 4. * represents * in the formula (6), and **
represents a bonding point bonded to an aromatic ring.
[0095]

In the formula (9), R!! each independently represents
an alkyl group having 1 to 4 carbon atoms, and is
preferably a methyl group from the viewpoint that the heat
resistance of the component (a) can be enhanced. When g
represents 1 or 2 and f represents an integer of 1 to 4,
both the heat resistance and solvent solubility of the
component (a) can be achieved, which is preferable. 1In the
formula (10), R!?2 and RI3 each independently represent a
hydrocarbon group having 1 to 10 carbon atoms or a hydrogen
atom. From the viewpoint that the heat resistance of the
component (a) can be enhanced, R!? and R!3 are each
independently preferably a saturated hydrocarbon group
having 1 to 10 carbon atoms, and more preferably a
saturated hydrocarbon group having 1 to 6 carbon atoms.
Herein, R!?2 and R!3 represent different substituents. The
“different substituents” shown here include those in which
the relationship between R!?2 and R!3 is a relationship
having a different composition formula, as well as those

which are structural isomers having the same composition
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formula but different bonding states between atoms. When
R2 and R!3 are different substituents, the solvent
solubility of the component (a) can be improved. From the
viewpoint of improving the solvent solubility of the
component (a), the difference in the number of carbon atoms
between R!?2 and R!3 is preferably 1 or more, more preferably
2 or more, and still more preferably 3 or more. Examples
of the substituents represented by the formulas (9) and
(10) include substituents shown below.

[0096]

[Chemical Formula 16]

NRNVSIIVE Y ol o
*>2* *>2*\ * £ 3 ’ * £ 3 % %
v SRS QJ QA

v Uy ooy
£ ®

*gg*/

[0097]

*

The terminal of these resins may be sealed with a
monoamine having a known acidic group, an acid anhydride,
an acid chloride, a monocarboxylic acid, and an active
ester compound.

[0098]
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The component (a) may be synthesized by a known
method, but a solvent containing P-alkoxypropionamide is
preferably used as a polymerization solvent. When the
polymerization solvent of the component (a) contains (-
alkoxypropionamide, the component (a) containing (-
alkoxypropionamide is obtained, and a cured film containing
f-alkoxypropionamide can be obtained when the component (a)
is heat-treated as the resin composition. When the cured
film contains PB-alkoxypropionamide, the long-term
reliability of the cured film can be improved.

[0099]

The cured film in the present invention may contain a
resin other than the component (a). Examples of the resin
other than the component (a) include, but are not limited
to, a polymer of a radically polymerizable monomer having
an acidic group, a cardo resin, a phenol resin, and a
siloxane resin.

[0100]

Examples of the polymer of the radically
polymerizable monomer having an acidic group include an
acrylic resin, polyhydroxystyrene and/or a
polyhydroxystyrene/polystyrene copolymer. As the radically
polymerizable monomer having an acidic group, known
materials can be used, and examples thereof include o-

hydroxystyrene, m-hydroxystyrene, and p-hydroxystyrene, and
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alkyl, alkoxy-substituted products, methacrylic acid, and
acrylic acid thereof, and haloalkyl, alkoxy, halogen,
nitro, and cyano substituted products thereof at the o-
position.

[0101]

The cured film of the present invention preferably
contains the polyhydroxystyrene and/or the
polyhydroxystyrene/polystyrene copolymer from the viewpoint
of improving the long-term reliability of the cured film
and suppressing the decrease in luminance during high-
temperature continuous operation in particular when used
for the organic EL display device. In the present
invention, the content of the polyhydroxystyrene and/or the
polyhydroxystyrene/polystyrene copolymer is preferably 5
parts by mass or more, more preferably 10 parts by mass or
more, and still more preferably 15 parts by mass or more,
with respect to 100 parts by mass of the component (a).
When the content of the polyhydroxystyrene and/or the
polyhydroxystyrene/polystyrene copolymer is 5 parts by mass
or more with respect to 100 parts by mass of the component
(a), the long-term reliability of the cured film can be
improved. The content of the polyhydroxystyrene and/or the
polyhydroxystyrene/polystyrene copolymer is preferably 60
parts by mass or less, more preferably 50 parts by mass or

less, still more preferably 40 parts by mass or less, and
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particularly preferably 30 parts by mass or less, with
respect to 100 parts by mass of the component (a). When
the content of the polyhydroxystyrene and/or the
polyhydroxystyrene/polystyrene copolymer is 60 parts by
mass or less with respect to 100 parts by mass of the
component (a), the chemical resistance of the cured film
can be maintained.

[0102]

Examples of a method for confirming whether or not
the cured film contains the polyhydroxystyrene and/or the
polyhydroxystyrene/polystyrene copolymer include a method
in which the cured film is analyzed by infrared
spectroscopy, a method in which the cured film is thermally
decomposed at 600°C and then analyzed by pyrolysis GC/MS
performing measurement by gas chromatography, a method in
which components in the cured film are extracted with an
organic solvent or the like and the extracted liquid is
measured by liquid chromatography, and a method in which
components in the cured film are measured by using time-of-
flight secondary ion mass spectrometry.

[0103]

Examples of the cardo resin include a resin having a
cardo structure, that is, a skeleton structure in which two
cyclic structures are bonded to a quaternary carbon atom

constituting a cyclic structure. A common cardo structure
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is a fluorene ring bonded to a benzene ring.
[0104]

Examples of the phenol resin include known novolac
phenol resins and resol phenol resins obtained by
polycondensation of various phenols alone or a mixture of a
plurality of phenols thereof with aldehydes such as
formalin.

[0105]

Examples of the siloxane resin include known siloxane
resins obtained by hydrolysis and dehydration condensation
of one or more types selected from a tetrafunctional
organosilane, a trifunctional organosilane, a bifunctional
organosilane, and a monofunctional organosilane.

[0106]

<Aromatic hydrocarbon compound having at least three
phenolic hydroxyl groups in one aromatic ring>

The cured film of the present invention preferably
contains an aromatic hydrocarbon compound having at least
three phenolic hydroxyl groups in one aromatic ring
(hereinafter, may be referred to as a component (b)). When
the cured film of the present invention contains the
component (b), the long-term reliability of the cured film
can be improved, and the decrease in luminance during high-
temperature continuous operation in particular when used

for the organic EL display device can be suppressed.
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[0107]

Examples of a method for confirming whether or not
the cured film contains the component (b) include a method
in which the cured film is thermally decomposed at 600°C
and then analyzed by pyrolysis GC/MS performing measurement
by gas chromatography, a method in which components in the
cured film are extracted with an organic solvent or the
like and the extracted liquid is measured by liquid
chromatography, and a method in which components in the
cured film are measured by using time-of-flight secondary
ion mass spectrometry.

[0108]

Examples of the aromatic hydrocarbon structure of the
component (b) include known monocyclic and condensed
polycyclic structures. The aromatic hydrocarbon has at
least three phenolic hydroxyl groups in one aromatic ring.
In the present invention, the state having at least three
phenolic hydroxyl groups in one aromatic ring represents a
state having at least three phenolic hydroxyl groups in a
single aromatic ring, and for example, a compound having
three aromatic rings having one phenolic hydroxyl group is
not included in the component (b) of the present invention.
Specific examples of the component (b) include, but are not
limited to, a compound having a structure shown below.

[0109]
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[Chemical Formula 17]

(R"),

(OH)m
k

[0110]

R’ independently represents a monovalent organic
group having 1 to 20 carbon atoms, k represents an integer
of 0 to 2, 1 represents an integer of 0 to 7, and m
represents an integer of 3 to 10. Herein, {(2k + 6) - (1 +
m)} 2 0.

[0111]

Examples of the aromatic hydrocarbon having at least
three phenolic hydroxyl groups in one aromatic ring include
phloroglucinol, pyrogallol, 1,2,4-trihydroxybenzene, 2,4,5-
trihydroxybenzaldehyde, 2,3,4-trihydroxybenzaldehyde,
3,4,5-trihydroxybenzaldehyde, gallacetophenone, 2,3,4-
trihydroxybenzoic acid, gallic acid, methyl gallate, ethyl
gallate, propyl gallate, octyl gallate, 2,3,4-
trihydroxybenzophenone, 2,3,4,4'-tetrahydroxybenzophenone,
4,4"'"-isopropylidenedipyrogallol, 1,2,3,4-
tetrahydroxybenzene, 1,2,3,5-tetrahydroxybenzene, 1,2,4,5-
tetrahydroxybenzene, and leucoquinizarin.

[0112]
From the viewpoint of further lowering the

transmittance of light of 300 nm to 500 nm of the cured
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film, that is, from the viewpoint of setting the
transmittance of light at a wavelength of 450 nm to 30% or
less, in combination with a thermal crosslinking agent
described later, as the component (b), with respect to any
of the phenolic hydroxyl groups in the component (b), at
least one substitution position of other phenolic hydroxyl
groups 1is preferably an ortho position or a para position,
and more preferably a para position.

[0113]

Examples of a compound (bl) in which, with respect to
any of the phenolic hydroxyl groups, at least one
substitution position of other phenolic hydroxyl groups is
the ortho position among the components (b) include
pyrogallol, 1,2,4-trihydroxybenzene, 2,4,5-
trihydroxybenzaldehyde, 2,3,4-trihydroxybenzaldehyde,
3,4,5-trihydroxybenzaldehyde, gallacetophenone, 2,3,4-
trihydroxybenzoic acid, gallic acid, methyl gallate, ethyl
gallate, propyl gallate, octyl gallate, 2,3,4-
trihydroxybenzophenone, 2,3,4,4'-tetrahydroxybenzophenone,
4,4"'"-isopropylidenedipyrogallol, 1,2,3,4-
tetrahydroxybenzene, 1,2,3,5-tetrahydroxybenzene, and
1,2,4,5-tetrahydroxybenzene. Pyrogallol or 1,2,4-
trihydroxybenzene is preferable from the viewpoint of
further lowering the transmittance

of light of 300 nm to 500 nm of the cured film in
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combination with the thermal crosslinking agent described
later. Examples of a compound (b2) in which with respect
to any of the phenolic hydroxyl groups, at least one
substitution position of the other phenolic hydroxyl groups
is the para position among the components (b) include
1,2,4-trihydroxybenzene, 2,4,5-trihydroxybenzaldehyde,
1,2,3,4-tetrahydroxybenzene, 1,2,3,5-tetrahydroxybenzene,
1,2,4,5-tetrahydroxybenzene, and leucoquinizarin. From the
viewpoint of further lowering the transmittance of light of
300 nm to 500 nm of the cured film in combination with the
thermal crosslinking agent described later, 1,2,4-
trihydroxybenzene is preferable.

[0114]

The upper limit of the molecular weight of the
component (b) is not particularly limited, but is
preferably 1000 or less, more preferably 800 or less, and
still more preferably 600 or less. The lower limit of the
molecular weight of the component (b) is 126 or more.
[0115]

In the present invention, the content of the
component (b) is preferably 1 part by mass or more, more
preferably 5 parts by mass or more, and still more
preferably 10 parts by mass or more, with respect to 100
parts by mass of the component (a). By setting the content

of the component (b) to 1 part by mass or more with respect
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to 100 parts by mass of the component (a), the long-term
reliability of the cured film of the present invention can
be improved. 1In addition, the content of the component (b)
is preferably 50 parts by mass or less, more preferably 40
parts by mass or less, still more preferably 30 parts by
mass or less, and particularly preferably 20 parts by mass
or less, with respect to 100 parts by mass of the component
(a) . By setting the content of the component (b) to 50
parts by mass or less with respect to 100 parts by mass of
the component (a), the chemical resistance of the cured
film can be maintained.
[0116]

<Compound derived from photosensitive compound>

The cured film of the present invention preferably
contains a compound derived from a photosensitive compound
(hereinafter, may be referred to as a component (c)). When
the cured film of the present invention contains the
compound derived from the photosensitive compound, the step
of producing the cured film can be simplified. Examples of
the component (c) include a photopolymerization initiator
(hereinafter, may be referred to as a component (cl)) and a
naphthoquinonediazide compound (hereinafter, may be
referred to as a component (c2)).
[0117]

Examples of the component (cl) include known
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photopolymerization initiators. Examples thereof include a
benzyl ketal compound, an o-hydroxyketone compound, an o-
aminoketone compound, an acylphosphine oxide compound, a
biimidazole compound, an oxime ester compound, an acridine
compound, a titanocene compound, a benzophenone compound,
an acetophenone compound, an aromatic ketoester compound,
or a benzoic acid ester compound. From the viewpoint of
improving the sensitivity during the preparation of the
cured film, in the cured film of the present invention, an
c-hydroxyketone compound, an oa-aminoketone compound, an
acylphosphine oxide compound, a biimidazole compound, or an
oxime ester compound is preferable, and from the viewpoint
of improving the sensitivity at the time of exposure,
improving the halftone characteristics, and suppressing the
residue after development, an oxime ester compound is more
preferable.

[0118]

Examples of a method for confirming whether or not
the cured film contains the compound derived from the
component (c) include a method in which the cured film is
thermally decomposed at 600°C and then analyzed by
pyrolysis GC/MS performing measurement by gas
chromatography, a method in which components in the cured
film are extracted with an organic solvent or the like and

the extracted liquid is measured by liquid chromatography,
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and a method in which components in the cured film are
measured by using time-of-flight secondary ion mass
spectrometry.

[0119]

The content of a compound derived from the component
(cl) is preferably 0.1 parts by mass or more, more
preferably 1 part by mass or more, and still more
preferably 10 parts by mass or more, with respect to 100
parts by mass of the component (a) from the viewpoint of
improving the sensitivity during the preparation of the
cured film of the present invention. Meanwhile, from the
viewpoint of suppressing the residue during the preparation
of the cured film of the present invention, the content of
the compound derived from the component (cl) is preferably
50 parts by mass or less with respect to 100 parts by mass
of the component (a).

[0120]

Examples of the component (c2) include a known
naphthoquinonediazide compound. Examples of the
naphthoquinonediazide compound include a 1,2-
naphthogquinonediazide-5-sulfonic acid ester compound and/or
a 1,2-naphthoquinonediazide-4-sulfonic acid ester compound.
[0121]

From the viewpoint of improving the long-term

reliability of the cured film of the present invention, the
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compound derived from the photosensitive compound contained
in the cured film of the present invention is preferably a
compound derived from the component (c2). Specific
examples of a compound derived from the
naphthoquinonediazide compound include one or more
compounds selected from the group consisting of a
carboxylic acid having an indene structure, a carboxylic
acid ester having an indene structure, a sulfonic acid
having an indene structure, and a sulfonic acid aryl ester
having an indene structure. One or more compounds selected
from the group consisting of a carboxylic acid having an
indene structure, a carboxylic acid ester having an indene
structure, a sulfonic acid having an indene structure, and
a sulfonic acid aryl ester having an indene structure are
preferable.

[0122]

The content of the compound derived from the
component (c2) is preferably 0.1 parts by mass or more,
more preferably 10 parts by mass or more, and still more
preferably 25 parts by mass or more, with respect to 100
parts by mass of the component (a) from the viewpoint of
improving the sensitivity during the preparation of the
cured film of the present invention. Meanwhile, from the
viewpoint of suppressing the residue during the preparation

of the cured film of the present invention, the content of
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the compound derived from the component (c2) is preferably
100 parts by mass or less with respect to 100 parts by mass
of the component (a).

[0123]

<p-alkoxypropionamide>

The cured film of the present invention preferably
contains B-alkoxypropionamide. When the cured film of the
present invention contains (-alkoxypropionamide, the long-
term reliability of the cured film can be improved, and the
decrease in luminance during high-temperature continuous
operation in particular when used for the organic EL
display device can be suppressed.

[0124]

Specific examples of a method for obtaining a cured
film containing Pf-alkoxypropionamide include a method in
which B-alkoxypropionamide is added to a resin composition
for obtaining the cured film of the present invention and
the resin composition is heat-treated to obtain the cured
film, and a method in which a resin composition containing
the component (a) containing B-alkoxypropionamide is heat-
treated by using P-alkoxypropionamide as the polymerization
solvent of the component (a) to obtain a cured film. From
the viewpoint of suppressing the volatilization of B-
alkoxypropionamide during heat-treatment and improving the

long-term reliability of the cured film, a method in which
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a resin composition containing the component (a) containing
B-alkoxypropionamide is heat-treated by using p-
alkoxypropionamide as the polymerization solvent of the
component (a) to obtain a cured film is preferred.

[0125]

Examples of a method for confirming whether or not
the cured film contains PR-alkoxypropionamide include a
method in which components generated from the cured film
are thermally decomposed at 600°C by adsorption collection
by a purge and trap method, and then analyzed by purge and
trap GC/MS performing measurement by gas chromatography.
[0126]

Examples of the PR-alkoxypropionamide include B-
methoxypropionamide, PB-methoxy-N-methylpropionamide, (-
methoxy-N, N-dimethylpropionamide, RB-methoxy-N-
ethylpropionamide, B-methoxy-N,N-diethylpropionamide, {-
methoxy- (N-propyl)propionamide, pf-methoxy- (N,N-
dipropyl)propionamide, B-methoxy-N-butylpropionamide, (-
methoxy-N,N-dibutylpropionamide, pf-ethoxy-N,N-
dimethylpropionamide, R-propoxy-N,N-dimethylpropionamide,
and R-butoxy-N,N-dimethylpropionamide. From the viewpoint
of versatility, the pf-alkoxypropionamide is preferably -
methoxy-N, N-dimethylpropionamide or B-butoxy-N,N-
dimethylpropionamide.

[0127]
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The content of the (-alkoxypropionamide in the cured
film is preferably 0.01% by mass or more and 5% by mass or
less, more preferably 0.05% by mass or more and 1% by mass
or less, and still more preferably 0.1% by mass or more and
0.5% by mass or less, from the viewpoint of improving the
long-term reliability of the cured film.

[0128]

<Sulfonic acid and/or sulfonate ions>

The cured film of the present invention preferably
contains one or more sulfonic acids selected from the group
represented by any of the formulas (3) to (5) or sulfonate
ions derived from the sulfonic acids (hereinafter, may be
referred to as a specific sulfonic acid and/or sulfonate
ions) .

[0129]

[Chemical Formula 18]

(R%)p

2|

\ /)—SO3H (3)
R®-SO;H (4)
0 SO;H ( 5 )
[0130]

In the formula (3), R® each independently represents

a hydrogen atom or a monovalent organic group having 1 to
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10 carbon atoms, and n represents an integer of 1 to 5. 1In
the general formula (4), R® represents a monovalent organic
group having 1 to 10 carbon atoms.

[0131]

When the cured film of the present invention contains
a specific sulfonic acid and/or sulfonate ions, the long-
term reliability of the cured film can be improved, and the
decrease in luminance during high-temperature continuous
operation in particular when used for the organic EL
display device can be suppressed.

[0132]

Examples of a specific method for obtaining the cured
film containing a specific sulfonic acid and/or sulfonate
ions include a method in which the cured film is obtained
by heat-treating a composition using a compound containing
the specific sulfonic acid and/or sulfonate ions, and a
method in which the cured film is obtained by heat-treating
a composition containing a thermal acid generator that
generates a specific sulfonic acid and/or sulfonate ions
during heat-treatment, and from the viewpoint of improving
the long-term reliability of the cured film, a method in
which the cured film is obtained by heat-treating a
composition containing a thermal acid generator that
generates a specific sulfonic acid and/or sulfonate ions

during heat-treatment is preferred.
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[0133]

Examples of a method for confirming whether or not
the cured film contains a specific sulfonic acid and/or
sulfonate ions include a method in which the cured film is
thermally decomposed at 600°C and then analyzed by
pyrolysis GC/MS performing measurement by gas
chromatography, a method in which components in the cured
film are extracted with an organic solvent or the like and
the extracted liquid is measured by liquid chromatography,
and a method in which components in the cured film are
measured by using time-of-flight secondary ion mass
spectrometry.

[0134]

As the thermal acid generator that generates a
specific sulfonic acid and/or sulfonate ions during heat-
treatment, a thermal acid generator having a sulfonic acid
ester structure is preferable, and specific examples
thereof include “Irgacure” (registered trademark) PAG103,
PAG121 (trade names, manufactured by BASF Japan Ltd.), PA-
411, PA-480 (trade names, manufactured by Heraeus K.K.),
PAT-01, PAI-101, PAI-106, PAI-1001, PAI-1002, PAI-1003,
PAT-1004 (trade names, manufactured by Midori Kagaku Co.,
Ltd.), Sp-082, SP-601, SP-0606, SP-0607, SP-612 (trade names,
manufactured by ADEKA Corporation), NIT, MIN, ILP-110, ILP-

110N, ILP-118, ILP-113, PA-223, PA-298 (trade names,



59

manufactured by Heraeus K.K.), NAI-105, NAI-106, NAI-109
(trade names, manufactured by Midori Kagaku Co., Ltd.), and
sulfonic acid esters synthesized by a known method using
one or more sulfonic acids and alcohols or phenols selected
from the group represented by the formula (3) to the
formula (5).
[0135]

In the formula (3), R®> each independently represents
a hydrogen atom or a monovalent organic group having 1 to
10 carbon atoms, and n represents an integer of 1 to 5.
Examples of the monovalent organic group having 1 to 10
carbon atoms include an alkyl group, an alkynyl group, an
alkenyl group, an aryl group, and CF3. From the viewpoint
of easy availability of raw materials, R5 is preferably a
hydrogen atom or an alkyl group having 1 to 10 carbon
atoms, and more preferably a methyl group. From the
viewpoint of easy availability of raw materials, n is
preferably an integer of 1 to 3, and more preferably 1.
Examples of the sulfonic acid represented by the formula
(3) include benzenesulfonic acid, toluenesulfonic acid, and
styrenesulfonic acid.
[0136]

In the general formula (4), R® represents a
monovalent organic group having 1 to 10 carbon atoms.

Examples of the monovalent organic group having 1 to 10
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carbon atoms include an alkyl group, an alkynyl group, an
alkenyl group, a benzyl group, and CFz. From the viewpoint
of easy availability of raw materials, R® is preferably an
alkyl group having 1 to 10 carbon atoms or CF3, and more
preferably an alkyl group having 1 to 10 carbon atoms.
Examples of the sulfonic acid represented by the formula
(4) include methanesulfonic acid, ethanesulfonic acid,
propanesulfonic acid, butanesulfonic acid, octanesulfonic
acid, trifluoromethanesulfonic acid, benzylsulfonic acid,
and vinylsulfonic acid.

[0137]

The content of the specific sulfonic acid and/or
sulfonate ions is preferably 1 part by mass or more, more
preferably 2 parts by mass or more, and still more
preferably 3 parts by mass or more, with respect to 100
parts by mass of the component (a) from the viewpoint of
improving the long-term reliability of the cured film.
Meanwhile, from the viewpoint of improving the heat
resistance of the cured film, the content of the specific
sulfonic acid and/or sulfonate ions is preferably 15 parts
by mass or less, more preferably 10 parts by mass or less,
and still more preferably 8 parts by mass or less, with
respect to 100 parts by mass of the component (a).

[0138]

<Colorant (d)>
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The cured film of the present invention preferably
further contains a colorant (d) (hereinafter, may be
referred to as a component (d)). When the cured film of
the present invention contains the component (d), the light
shielding property of the cured film can be improved, and
external light reflection when used for the display device
can be suppressed. Since the cured film of the present
invention contains the component (d), the transmittance of
light at a wavelength of 450 nm can be reduced, and in a
case where the cured film of the present invention is used
for an organic EL display device having an oxide
semiconductor TFT, the malfunction of the TFT or the like
due to the entry of ultraviolet light into the TFT can be
prevented. From the viewpoint of improving the visible
light shielding property of the cured film and improving
the OD value in visible light per film thickness of 1 um,
the component (d) preferably has a maximum absorption
wavelength in a wavelength range of 300 nm or more and 850
nm or less. From the viewpoint of setting the
transmittance of light at a wavelength of 450 nm to 30% or
less, the component (d) preferably has a maximum absorption
wavelength in a range of 300 nm or more and 600 nm or less,
and more preferably has a maximum absorption wavelength in
a range of 400 nm or more and 500 nm or less.

[0139]
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The component (d) preferably contains a dye (dl)
and/or a pigment (d2). The component (d) preferably
contains at least one or more dyes (dl) or pigments (d2).
For example, the component (d) may contain one dye (dl) or
pigment (d2), contain two or more dyes (dl) or pigments
(d2), or contain one or more dyes (dl) and one or more
pigments (d2). The component (d) 1is preferably a black
agent and/or a mixture of two or more colors of colorants.
[0140]

The component (d) contained in the cured film of the
present invention preferably contains the dye (dl) from the
viewpoint of solvent solubility. Furthermore, from the
viewpoint of improving the sensitivity during the
preparation of the cured film of the present invention, the
dye (dl) is preferably an ionic dye forming an ion pair of
organic ions. In addition, from the viewpoint of
increasing the sensitivity and reducing the residue, the
component (d) preferably has a sulfonic acid group and/or a
sulfonate group.

[0141]

Examples of the skeleton structure of the dye (dl)
include anthraquinone type, azo type, phthalocyanine type,
methine type, oxazine type, gquinoline type, triarylmethane
type, and xanthene type skeleton structures, but are not

limited thereto. Among the skeleton structures, an
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anthraquinone type, azo type, methine type, triarylmethane
type, or xanthene type skeleton structure is preferable
from the viewpoint of solubility in a solvent and heat
resistance. In addition, from the viewpoint of improving
the heat resistance, a xanthene type skeleton structure is
more preferable. These dyes may be used singly or as a
metal-containing complex salt system.

[0142]

The component (d) contained in the cured film of the
present invention preferably contains the pigment (d2) from
the viewpoint of improving the heat resistance of the cured
film. The pigment (d2) is particularly preferably an
organic black pigment, and preferably contains one or more
selected from the group consisting of a benzofuranone black
pigment, a perylene black pigment, and an azo black
pigment.

[0143]

The content of the component (d) is preferably 0.1 to
300 parts by mass, more preferably 0.2 to 200 parts by
mass, and particularly preferably 1 to 200 parts by mass,
with respect to 100 parts by mass of the component (a). By
setting the content of the component (d) to 0.1 parts by
mass or more with respect to 100 parts by mass of the
component (a), light having a corresponding wavelength can

be absorbed. By setting the content of the component (d)
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to 300 parts by mass or less, light having a corresponding
wavelength can be absorbed while the heat resistance and
mechanical characteristic of the cured film are maintained.
[0144]

<Compound derived from thermal crosslinking agent>

The cured film of the present invention may contain a
compound derived from a thermal crosslinking agent. The
term “thermal crosslinking agent” refers to a compound
having at least two thermally reactive functional groups
such as an alkoxymethyl group, a methylol group, an epoxy
group, and an oxetanyl group in the molecule. When the
cured film of the present invention contains the compound
derived from the thermal crosslinking agent, crosslinking
occurs between the thermal crosslinking agent and the
component (a) or between the thermal crosslinking agents,
so that the heat resistance, chemical resistance, and
bending resistance of the cured film can be improved. From
the viewpoint of reducing the transmittance of light of 300
nm to 500 nm after curing when used in combination with the
component (b) described above, the thermal crosslinking
agent preferably has an alkoxymethyl group or a methylol
group, and more preferably has an alkoxymethyl group or a
methylol group directly substituted with a nitrogen atom.
From the viewpoint of reducing the transmittance of the

light of 300 nm to 500 nm after curing when used in



65

combination with the component (b) described above, the
compound derived from the thermal crosslinking agent
preferably has a triazine ring.

[0145]

The content of the compound derived from the thermal
crosslinking agent is preferably 1% by mass or more and 30%
by mass or less in 100% by mass of the cured film. When
the content of the compound derived from the thermal
crosslinking agent is 1% by mass or more, the chemical
resistance and bending resistance of the cured film can be
further enhanced. When the content of the compound derived
from the thermal crosslinking agent is 30% by mass or less,
the amount of outgas from the cured film can be further
reduced.

[0146]

<Compound derived from adhesion improver>

The cured film of the present invention may contain a
compound derived from an adhesion improver. As the
compound derived from the adhesion improver, known
compounds such as a silane coupling agent, a titanium
chelate agent, an aluminum chelate agent, and a compound
derived from a compound obtained by reacting an aromatic
amine compound with an alkoxy group-containing silicon
compound can be contained. Two or more of these compounds

may be contained. Containing the compound derived from the
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adhesion improver can enhance the adhesion of the cured
film to a base substrate such as a silicon wafer, indium
tin oxide (ITO), Si02, silicon nitride, or a polyimide film
substrate.

[0147]

From the viewpoint of setting the Si/C ratio to 0.001
or more and 0.005 or less, improving the bending resistance
of the cured film, and improving the long-term reliability
of the cured film, the cured film of the present invention
preferably contains a silane coupling agent known as the
adhesion improver. Examples of the known silane coupling
agent include vinyltrimethoxysilane, vinyltriethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 3-
glycidoxypropylmethyldimethoxysilane, 3-
glycidoxypropyltrimethoxysilane, 3-
glycidoxypropylmethyldiethoxysilane, 3-
glycidoxypropyltriethoxysilane, p-styryltrimethoxysilane,
3-methacryloxypropylmethyldimethoxysilane, 3-
methacryloxypropyltrimethoxysilane, 3-
methacryloxypropyldiethoxysilane, 3-
methacryloxypropyltrimethoxysilane, 3-
methacryloxypropyldiethoxysilane, 3-
methacryloxypropyltrimethoxysilane, 3-
acryloxypropyltrimethoxysilane, N-2-(aminoethyl)-3-

aminopropylmethyldimethoxysilane, N-2- (aminoethyl)-3-
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aminopropyltrimethoxysilane, 3-aminopropyltrimethoxysilane,
3-aminopropyltriethoxysilane, 3-triethoxysilyl-N-(1,3-
dimethyl-butylidene)propylamine, N-phenyl-3-
aminopropyltrimethoxysilane, 3-ureidopropyltrialkoxysilane,
3-ureidopropyltrimethoxysilane, 3-
isocyanatopropyltriethoxysilane, tris-
(trimethoxysilylpropyl) isocyanurate, 3-
mercaptopropyldimethoxysilane, and 3-
mercaptopropyltrimethoxysilane. Among them, from the
viewpoint of improving storage stability, one or more
silane coupling agents selected from the group consisting
of vinyltrimethoxysilane, vinyltriethoxysilane, 2-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, 3-
glycidoxypropylmethyldimethoxysilane, 3-
glycidoxypropyltrimethoxysilane, 3-
glycidoxypropylmethyldiethoxysilane, and 3-
glycidoxypropyltriethoxysilane are preferable, and 3-
glycidoxypropyltrimethoxysilane or 3-
glycidoxypropyltriethoxysilane is more preferable.
[0148]

The content of the adhesion improver is preferably
0.01 to 10% by mass in 100% by mass of the cured film.
When the cured film of the present invention contains the
known silane coupling agent as the adhesion improver, the

content of the known silane coupling agent is preferably
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0.6 to 6.0% by mass, more preferably 1.0 to 5.0% by mass,
and particularly preferably 2.0 to 4.0% by mass, in 100% by
mass of the cured film from the viewpoint of setting the
Si/C ratio to 0.001 or more and 0.005 or less, improving
the bending resistance of the cured film, and improving the
long-term reliability of the cured film.
[0149]

<Inorganic particles>

The cured film of the present invention may contain
inorganic particles. Preferable specific examples of the
inorganic particles include particles made of silicon
oxide, titanium oxide, barium titanate, alumina, and talc
and the like. The primary particle diameter of the
inorganic particles is preferably 100 nm or less, and more
preferably 60 nm or less.
[0150]

The content of the inorganic particles is preferably
5 to 90% by mass in 100% by mass of the cured film.
[0151]

<Method for producing cured film>

A method for producing the cured film of the present
invention will be described by exemplifying a method in
which a photosensitive resin film made of a photosensitive
resin composition is formed on a substrate, and the

photosensitive resin film is exposed and developed,
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followed by heat-treating the photosensitive resin film.
[0152]

First, a step of forming a photosensitive resin film
made of a photosensitive resin composition on a substrate
will be described.

[0153]

The photosensitive resin composition to be used for
the production of the cured film of the present invention
can be obtained by mixing and dissolving, for example, one
or more polymers selected from the group consisting of a
polyimide, a polyimide precursor, a polybenzoxazole, a
polybenzoxazole precursor, and copolymers thereof, a
component (c), and if necessary, a component (b), (-
alkoxypropionamide, a thermal acid generator that generates
a specific sulfonic acid and/or sulfonate ions, a component
(d), a thermal crosslinking agent, an adhesion improver, a
surfactant, inorganic particles, and a solvent and the
like.

[0154]

Subsequently, the photosensitive resin film can be
obtained by applying the photosensitive resin composition
onto a base substrate to obtain a coating film of the
photosensitive resin composition, and drying the coating
film. As the base substrate, a known substrate such as a

glass substrate can be used. Examples of the method for
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applying the photosensitive resin composition of the
present invention include a spin coating method, a slit
coating method, a dip coating method, a spray coating
method, and a printing method.

[0155]

After the photosensitive resin composition is
applied, the photosensitive resin composition is subjected
to a vacuum drying treatment if necessary. The vacuum
drying rate depends on the volume of a vacuum chamber, the
capacity of a vacuum pump, and the diameter of a pipe
between the chamber and the pump, and the like, but, for
example, 1is preferably set to a condition that the pressure
in the wvacuum chamber is reduced to 40 Pa after a lapse of
60 seconds in the absence of the coated substrate.

After the application or vacuum drying, the obtained
coating film is generally heated and dried. This step is
also referred to as pre-bake. For drying, a hot plate, an
oven, or an infrared ray or the like is used. 1In the case
of using the hot plate, the coating film is held and heated
directly on the plate, or on a jig such as a proximity pin
installed on the plate. The heating time is preferably 1
minute to several hours. The heating temperature depends
on the type and the purpose of the coating film, but is
preferably 80°C or higher, and more preferably 90°C or

higher from the viewpoint of promoting solvent drying at
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the time of pre-bake. Meanwhile, from the viewpoint of
reducing the progress of curing at the time of pre-bake,
the heating temperature is preferably 150°C or lower, and
more preferably 140°C or lower.

[0156]

Next, a step of exposing the photosensitive resin
film will be described. For example, a desired pattern can
be formed by irradiating the photosensitive resin film with
actinic rays through a photomask having a desired pattern
for exposure and conducting development.

[0157]

Examples of the actinic rays used for exposure
include ultraviolet light, visible light, electron beams,
and X-rays. In the present invention, the i-ray (365 nm),
the h-ray (405 nm), and the g-ray (436 nm) of a mercury
lamp are preferably used. When the photosensitive resin
film has positive photosensitivity, the exposed portion is
dissolved in the developer. When the photosensitive resin
film has negative photosensitivity, the exposed portion is
cured and insolubilized in the developer.

[0158]

Next, a step of developing the exposed photosensitive
resin film will be described.
[0159]

After the exposure, the exposed portion is removed in



72

the case of the photosensitive resin film having positive
photosensitivity, and the unexposed portion is removed in
the case of the photosensitive resin film having negative
photosensitivity with a developer to form a desired
pattern. The developer is preferably an aqueous solution
of a compound having alkaline properties, such as
tetramethylammonium hydroxide, diethanolamine,
diethylaminoethanol, sodium hydroxide, potassium hydroxide,
sodium carbonate, potassium carbonate, triethylamine,
diethylamine, methylamine, dimethylamine,
dimethylaminocethyl acetate, dimethylaminoethanol,
dimethylaminocethyl methacrylate, cyclohexylamine,
ethylenediamine and hexamethylenediamine. To the alkaline
aqueous solution, one or more components may be added, and
examples of the components include polar solvents such as
N-methyl-2-pyrrolidone, N,N-dimethylformamide, N,N-
dimethylacetamide, dimethylsulfoxide, y-butyrolactone, and
dimethylacrylamide, alcohols such as methanol, ethanol, and
isopropanol, esters such as ethyl lactate and propylene
glycol monomethyl ether acetate, and ketones such as
cyclopentanone, cyclohexanone, isobutyl ketone, and methyl
isobutyl ketone. Examples of the method of development
include a spray method, a paddle method, an immersion
method, and an ultrasonic method.

[0160]
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Next, the pattern formed by development is preferably
rinsed with distilled water. The pattern may be rinsed
with distilled water to which a component is added, and
examples of the component include alcohols such as ethanol
and isopropyl alcohol, and esters such as ethyl lactate and
propylene glycol monomethyl ether acetate.

[0161]

Next, a step of heat-treating the developed
photosensitive resin film to obtain a cured film will be
described.

[0162]

The cured film can be obtained by heat-treating the
photosensitive resin film developed as described above.
When the photosensitive resin composition to be used for
producing the cured film of the present invention contains
a polyimide precursor or a polybenzoxazole precursor, the
cured film containing a polyimide or a polybenzoxazole can
be obtained by heat-treatment.

[0163]

The heat-treatment temperature is preferably 180°C or
higher, more preferably 200°C or higher, still more
preferably 230°C or higher, and particularly preferably
250°C or higher, from the viewpoint of further reducing the
amount of outgas generated from the cured film. Meanwhile,

from the viewpoint of improving the film toughness of the



4

cured film, the heat-treatment temperature is preferably
500°C or lower, and more preferably 450°C or lower. In
this temperature range, the temperature may be raised
stepwise or may be continuously raised. The time for heat-
treatment is preferably 30 minutes or more from the
viewpoint of further decreasing the amount of outgas. From
the viewpoint of improving the film toughness of the cured
film, the time for heat-treatment is preferably 3 hours or
less. Examples thereof include a method for heat-treating
at 150°C and 250°C for 30 minutes each, and a method for
heat-treatment while linearly increasing the temperature
from room temperature to 300°C over a period of 2 hours.
[0164]

An atmosphere during heat-treatment is preferably
under a low oxygen concentration of less than 5% from the
viewpoint of improving the long-term reliability of the
cured film and suppressing the decrease in luminance during
high-temperature continuous operation in particular when
used for the organic EL display device. Examples of an
inert gas for setting the oxygen concentration to less than
5% include nitrogen and argon. The oxygen concentration in
the inert gas atmosphere is preferably less than 5%, more
preferably less than 1%, still more preferably less than
0.5%, and particularly preferably less than 0.01%.

[0165]
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<Application example of cured film>

The cured film of the present invention is suitably
used for a surface protective layer or an interlayer
insulation layer of a semiconductor element, a pixel
division layer of an organic EL element, a planarization
layer of a TFT substrate of a display device using the
organic EL element, a wiring protection insulation layer of
a circuit board, an on-chip microlens of a solid-state
imaging device, and a planarization layer for wvarious
display devices/solid-state imaging devices, and the like.
For example, the cured film is suitable as a surface
protective layer or an interlayer insulation layer in an
MRAM having low heat resistance or in a promising next-
generation memory such as a polymer memory (polymer
ferroelectric RAM: PFRAM) or a phase change memory (phase
change RAM: PCRAM or ovonics unified memory: OUM) .
[0166]

<Organic EL display device>

The organic EL display device of the present
invention includes the cured film of the present invention.
The organic EL display device using the cured film of the
present invention includes at least a substrate, a first
electrode, a second electrode, an organic EL layer, a
planarization layer, and a pixel division layer, and the

cured film is preferably included in the planarization
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layer and/or the pixel division layer. When the
planarization layer and/or the pixel division layer
includes the cured film of the present invention, it is
possible to provide the organic EL display device having
excellent long-term reliability.

[0167]

The organic EL display device using the cured film of
the present invention is an organic EL display device
having multiple pixels formed on a matrix. The driving
system of the organic EL display device is roughly divided
into a passive matrix type in which electrodes are divided
into columns and rows and only pixels sandwiched between
the electrodes emit light and an active matrix type in
which several TFTs are provided in each pixel and switching
is performed, but is not particularly limited. In the
organic EL display device, a planarization layer, a first
electrode, a pixel division layer, an organic EL layer, and
a second electrode are formed in this order on a substrate.
The active matrix type organic EL display device has, on a
substrate such as glass, a TFT and a drive circuit that
includes a wiring located at the lateral side of the TFT
and connected to the TFT, and has a planarization layer on
the drive circuit to cover recesses and protrusions,
furthermore, with an organic EL layer provided on the

planarization layer. The organic EL layer and the wiring
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are connected to each other through a contact hole formed
in the planarization layer. In the organic EL display
device according to the embodiment of the present
invention, the pixel division layer is formed on the first
electrode.

[0168]

Fig. 1 shows a cross-sectional view of an organic EL
display device provided on a substrate 1. Bottom gate type
or top gate type TFTs 2 are provided in lines on the
substrate 1, and a TFT insulation layer 3 is formed so as
to cover the TFTs 2. Wirings 4 respectively connected to
the TFTs 2 are provided beneath the TFT insulation layer 3.
On the TFT insulation layer 3, a planarization layer 5 is
further provided. Contact holes 6 are provided in the
planarization layer 5 so that the wirings 4 are exposed.
Further, a first electrode 7 is formed on the planarization
layer 5 to be connected to the wirings 4 through the
contact holes 6. Further, a pixel division layer 8 is
formed so as to cover the peripheral edge of the first
electrode 7. Furthermore, an organic EL layer 9 and a
second electrode 10 are formed thereon. This organic EL
display device may be a top emission type device where
emitted light is emitted from the side opposite to the
substrate 1, or may be a bottom emission type device where

light is extracted from the substrate 1 side.
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[0169]

In the organic EL display device, a color display can
be obtained by arranging organic EL elements having
luminescence peak wavelengths in red, green, and blue
regions, respectively, as the organic EL layer, or by
providing a white organic EL layer on the entire surface
and using it in combination with a color filter. 1In the
color display, normally, the peak wavelength of light in
the red region to be displayed is in a range of 560 to 700
nm, the peak wavelength of light in the green region is in
a range of 500 to 560 nm, and the peak wavelength of light
in the blue region is in a range of 420 to 500 nm.

[0170]

In the organic EL element, each of the ranges in
which the first electrode and the second electrode, which
are placed opposite to each other, intersect with each
other and overlap with each other and which are regulated
by the pixel division layer on the first electrode is
referred to as a light-emitting pixel. The shape of the
light-emitting pixel is not particularly limited, and may
be, for example, rectangular or circular, and can be easily
changed depending on the shape of the pixel division layer.
In an active matrix type display, an area in which a
switching means is formed may be arranged so as to occupy a

part of the light-emitting pixel, and thus the light-
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emitting pixel may have a partially missing shape rather
than a rectangular shape.
[0171]

In the preparation of the organic EL element of the
present invention, an organic EL layer is formed by a mask
evaporation method. The mask evaporation method is a
method in which an organic compound is evaporated using an
evaporation mask to perform patterning, wherein the
evaporation is carried out while placing an evaporation
mask having a desired pattern as an opening section on the
evaporation source side of a substrate. In order to
produce a high-precision evaporation pattern, it is
important to closely adhere an evaporation mask having high
flatness onto a substrate. In this case, a technique in
which a tension is applied to the evaporation mask, or a
technique in which an evaporation mask is closely adhered
onto a substrate with a magnet that is placed on the back
surface of the substrate or the like is generally employed.
[0172]

Examples of the method for producing the evaporation
mask having a desired pattern as an opening section include
an etching method, mechanical polishing, a sandblasting
method, a sintering method, a laser processing method, and
the utilization of a photosensitive resin and the like. 1In

the case where a fine pattern is required, an etching
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method and an electroforming method each capable of
achieving excellent processing precision are commonly
employed.

[0173]

The configuration of the organic EL layer included in
the organic EL element of the present invention is not
particularly limited, and may be any one of the following
configurations: (1) a hole transport layer/a light-emitting
layer; (2) a hole transport layer/a light-emitting layer/an
electron transport layer; and (3) a light-emitting layer/an
electron transport layer.

[0174]

Subsequently, a second electrode is formed. 1In an
active matrix type, the second electrode is often formed
solidly over the whole area of the light-emitting area.
The second electrode is required to have a function of a
cathode, i.e., a function of injecting electrons
efficiently. Therefore, a metal material is usually used
for the second electrode, from the viewpoint of the
stability of the electrode. Alternatively, it is also
possible to utilize the first electrode as a cathode and
utilize the second electrode as an anode.
[0175]

After the second electrode is formed, sealing is

performed to obtain an organic EL display device. 1In
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general, an organic EL element is believed to be sensitive
to oxygen and moisture. Therefore, in order to produce a
display device having high reliability, it is preferred to
carry out the sealing under an atmosphere having smaller
oxygen and moisture concentrations as possible. With
respect to the member to be used for the sealing, it is
preferred to select a member having high gas barrier
property.

[0176]

The organic EL display device of the present
invention preferably further includes a color filter having
a black matrix in order to enhance the effect of reducing
external light reflection. The black matrix preferably
contains, for example, a resin such as an epoxy resin, an
acrylic resin, a urethane resin, a polyester resin, a
polyimide resin, a polyolefin resin, or a siloxane resin.
[0177]

The black matrix contains a colorant. Examples of
the colorant that can be contained include black organic
pigments, mixed organic pigments, and inorganic pigments.
Examples of the black organic pigments that can be
contained include carbon black, perylene black aniline
black, and benzofuranone pigments. Examples of the mixed
organic pigments that can be contained include pigments

produced by mixing two or more pigments of a color of red,
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blue, green, purple, yellow, magenta, and/or cyan to make a
pseudo black color. Examples of the black inorganic
pigments that can be contained include graphite; fine
particles of metals such as titanium, copper, iron,
manganese, cobalt, chromium, nickel, zinc, calcium, and
silver; metal oxides; metal composite oxides, metal
sulfides, metal nitrides; metal oxynitrides; and metal
carbides. Among them, carbon black, titanium nitride, and
titanium carbide having high light shielding property, and
composite particles of these and a metal such as silver are
preferable.

[0178]

The OD value of the black matrix is preferably 1.5 or
more, more preferably 2.5 or more, and still more
preferably 4.5 or more.

[0179]

<Display device other than organic EL display device>

A display device of another aspect having the cured
film of the present invention will be described with
reference to Fig. 2 as an example. This display device
includes at least a metal wiring, the cured film of the
present invention, and a plurality of light-emitting
elements, in which each of the light-emitting elements
includes a pair of electrode terminals on either one

surface, the pair of electrode terminals is connected to a
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plurality of the metal wirings extending in the cured film,
and the plurality of the metal wirings are configured to
retain electrical insulation properties by the cured film.
[0180]

In Fig. 2, a display device 11 includes a plurality
of light-emitting elements 12 disposed on a counter
substrate 15 and a cured film 13 disposed on the light-
emitting elements 12. The phrase “on the light-emitting
element” may be not only “on the surface of the light-
emitting element” but also “on the upper side of the
support substrate or the light-emitting element”. 1In the
aspect shown in Fig. 2, a configuration is exemplified in
which a plurality of cured films 13 are further laminated
on the cured film 13 placed so as to be in contact with at
least a part of the light-emitting element 12 and a total
of three cured films are laminated, but the cured film 13
may be a single layer. The light-emitting element 12
includes a pair of electrode terminals 16 on a surface
opposite to a surface in contact with the counter substrate
15, and each electrode terminal 16 is connected to the
metal wiring 14 extending in the cured film 13. When a
plurality of metal wirings 14 extending in the cured film
13 are covered with the cured film 13, the cured film 13
also functions as an insulation layer, so that the metal

wirings are configured to retain electrical insulation
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properties. The fact that the metal wiring is configured
to retain electrical insulation properties means that a
portion requiring electrical insulation properties of the
metal wiring is covered with the cured film containing the
component (a). In the present invention, the state that
the insulation layer has electrical insulation properties
means a state that the volume resistivity of the insulation
layer is 1012 Q-cm or more. The light-emitting element 12
is electrically connected to a drive element 18 added to a
light-emitting element drive substrate 17 provided at a
position facing the counter substrate 15 through the metal
wirings 14 and 14c, and the light emission of the light-
emitting element 12 can be controlled. The light-emitting
element drive substrate 17 is electrically connected to the
metal wiring 14 via, for example, a solder bump 20. 1In
order to prevent diffusion of metal such as the metal
wiring 14, a barrier metal 19 may be disposed.
[0181]

<Electronic component>

An electronic component of the present invention is
an electronic component having the cured film of the
present invention. The cured film of the present invention
can be used for an electronic component such as a
semiconductor device. Specific examples of the electronic

component include active components having a semiconductor
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such as transistors, diodes, integrated circuits (ICs), and
memories, as well as passive components such as resistors,
capacitors, and inductors. Further, an electronic
component using a semiconductor is also referred to as a
semiconductor device or a semiconductor package. The
semiconductor device mentioned in the present invention
refers to a general device that can function by utilizing
characteristics of a semiconductor element. An electro-
optical device or a semiconductor circuit board in which a
semiconductor element is connected to a substrate, a device
in which a plurality of semiconductor elements are
laminated, and an electronic device including these are all
included in the semiconductor device. 1In addition,
electronic components such as an interposer for connecting
a semiconductor element to a substrate are also included in
the semiconductor device. Specifically, the cured film of
the present invention has excellent electrical insulation
properties, mechanical strength, adhesiveness, and heat
resistance, and thus can be used as a surface protective
film such as a passivation film or a buffer coat film of
the semiconductor element, an interlayer insulation film
between redistribution layers formed on the surface of the
semiconductor element, an insulation film between elements
when a plurality of semiconductor elements are bonded, a

multilayer wiring board for high-density packaging, or an
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insulation film between wiring layers of an interposer.
[0182]

More preferably, the semiconductor device is a
semiconductor device in which the cured film of the present
invention is disposed as a surface protective film of a
semiconductor or an interlayer insulation film between
redistribution layers. By disposing the cured film of the
present invention as the surface protective film of the
semiconductor or the interlayer insulation film between the
redistribution layers, the semiconductor device having high
reliability can be obtained.

[0183]

More preferably, the semiconductor device is a
semiconductor device in which the two to ten redistribution
layers and interlayer insulation films are repeatedly
disposed. The two to ten redistribution layers and
interlayer insulation films are repeatedly disposed,
whereby the semiconductor device can be downsized.

[0184]

The electronic component of the present invention
preferably includes the cured film of the present invention
on the substrate. The substrate on which the cured film is
formed can be appropriately selected depending on
applications and steps, and examples thereof include a

silicon substrate, a silicon carbide substrate, a gallium
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nitride substrate, ceramics, gallium arsenide, metal, and
an epoxy resin. The substrate is preferably a silicon
substrate, a silicon carbide substrate, or a gallium
nitride substrate, and more preferably a silicon carbide
substrate or a gallium nitride substrate.

EXAMPLES
[0185]

Hereinafter, the present invention will be described
with reference to Examples and the like, but the present
invention is not limited to these examples. Each
evaluation in Examples was performed with the following
method.

[0186]

(1) Electron probe microanalyzer measurement of cured
film

A varnish obtained in each of Examples and
Comparative Examples was applied onto a glass substrate of
5 centimeter square by spin coating so that the film
thickness after heat-treatment (curing) was 2.0 um, and
pre-baked at 120°C for 120 seconds to prepare a pre-baked
film. Thereafter, without performing UV exposure,
development was performed with a 2.38% aqueous
tetramethylammonium hydroxide (hereinafter, TMAH) solution
so that the film loss of an unexposed portion was about 0.5

pum. Then, the pre-baked film was cured at 250°C for 60
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minutes under a nitrogen atmosphere using a high-
temperature clean oven INH-9CD-S manufactured by Koyo
Thermo Systems Co., Ltd. to prepare a cured film.
[0187]

The film thickness of the cured film was measured
using a stylus profiler (P-15, manufactured by KLA
Corporation) .

[0188]

The cross section of the cured film thus obtained was
exposed by oblique polishing and ion milling. The exposed
cross section of the cured film was subjected to carbon
evaporation, and then subjected to elemental analysis with
an electron probe microanalyzer JXA-8530F (manufactured by
JEOL Ltd.). The measurement conditions were as follows:
accelerating voltage: 6 kV, irradiation current: 25 nA, and
measurement time: 10 seconds. A Ka peak intensity of 44.00
angstroms was measured for C (carbon atom) using an LDEZ2H
analyzing crystal, a Ka peak intensity of 7.12 angstroms
was measured for Si (silicon atom) using a PETH analyzing
crystal, a Ka peak intensity of 31.60 angstroms was
measured for N (nitrogen atom) using an LDEl analyzing
crystal, a Ko peak intensity of 23.71 angstroms was
measured for O (oxygen atom) using an LDEl analyzing
crystal, and a Ka peak intensity of 18.31 angstroms was

measured for F (fluorine atom) using an LDEl analyzing
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crystal. As the standard samples of the respective
elements, BaS0O4, Si0O2, AIN, CaF,, and SiC were used, and the
samples were subjected to ZAF correction (Z: atomic number
correction, A: absorption correction, F: fluorescence
excitation correction). Each sample was measured 3 times,
the mol% of each element in the cured film was calculated
from the average value to calculate an F/C ratio, which is
the molar ratio of a fluorine atom to a carbon atom, and an
Si/C ratio, which is the molar ratio of a silicon atom to a
carbon atom.
[0189]

(2) Evaluation of reworkability during preparation of
cured film

The developed resin film-equipped glass substrate,
which was prepared in the same manner as in (1), was
immersed in propylene glycol monomethyl ether, and allowed
to stand at room temperature for 30 minutes. Thereafter,
the glass substrate was taken out from the propylene glycol
monomethyl ether, and the presence or absence of a residue
on the glass substrate was visually observed. A case where
no residue was observed on the glass substrate was
determined as “A”, a case where a residue was slightly
observed on the glass substrate was determined as “B”, and
a case where a large amount of residue was observed on the

glass substrate was determined as “C”.
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[0190]

(3) Evaluation of bending resistance of cured film

The varnish obtained in each of Examples and
Comparative Examples was applied onto a polyimide film
substrate by spin coating so that the film thickness after
heat-treatment (curing) was 2.0 um, and pre-baked at 120°C
for 120 seconds to prepare a pre-baked film. Thereafter,
without performing UV exposure, development was performed
with a 2.38% agueous TMAH solution so that the film loss of
an unexposed portion was about 0.5 um. Then, the pre-baked
film was cured at 250°C for 60 minutes under a nitrogen
atmosphere using a high-temperature clean oven INH-9CD-S
manufactured by Koyo Thermo Systems Co., Ltd. to prepare a
cured film.

[0191]

Subsequently, 10 polyimide film substrates each
provided with the cured film were cut into a size of 50 mm
in length x 10 mm in width. Next, with the surface of the
cured film facing outward, the polyimide film substrate was
held for 30 seconds in a state where the substrate was bent
in a range of a radius of curvature of 0.1 to 1.0 mm on a
25 mm vertical line. After 30 seconds, the bent polyimide
film substrate was restored to the original state, the bent
part on the 25 mm vertical line of the cured film surface

was observed with the use of an FPD inspection microscope



91

(MX-61L; manufactured by Olympus Corporation), and the
appearance change of the cured film surface was evaluated.
The bending test was performed while the radius of
curvature was changed within a range of a radius of
curvature of 0.1 to 1.0 mm, and the minimum radius of
curvature at which peeling of the cured film from the
polyimide film substrate and a change in appearance such as
cracks in the surface of the cured film did not occur was
recorded. A case where the minimum radius of curvature was
less than 0.2 mm was determined as “S”, a case where the
minimum radius of curvature was 0.2 mm or more and less
than 0.4 mm was determined as “A”, a case where the minimum
radius of curvature was 0.4 mm or more and less than 0.6 mm
was determined as “B”, and a case where the minimum radius
of curvature was 0.6 mm or more was determined as “C”.
[0192]

(4) Calculation of content of (-alkoxypropionamide in
cured film

10 mg of the cured film prepared by the same method
as that in (1) was collected, and a component containing B-
alkoxypropionamide was adsorbed and collected by a purge
and trap method. Specifically, the collected cured film
was heated at 400°C for 60 minutes using helium as a purge
gas, and the component desorbed from the cured film was

collected in an adsorption tube. The collected component
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was desorbed from the adsorption tube by heating at 320°C
for 5 minutes, and subjected to GC-MS analysis under the
conditions of a column temperature: 40°C to 300°C, a
carrier gas: helium (1.5 mL/min), and a scanning range: m/Z
= 29 to 600 using a GC-MS apparatus 7890/5975C
(manufactured by Agilent). The same f(-alkoxypropionamide
as the detected P-alkoxypropionamide was used as a standard
substance, and GC-MS analysis was performed under the same
conditions as described above to create a calibration
curve, thereby calculating the gas generation amount of (-
alkoxypropionamide. The content (% by mass) of pB-
alkoxypropionamide in the cured film was calculated from
the gas generation amount of B-alkoxypropionamide thus
obtained and the mass of the sample used for measurement.
[0193]

(5) Evaluation of long-term reliability of organic EL
display device (evaluation of luminance during high-
temperature continuous operation)

Fig. 3 shows a schematic view of the preparation
procedure of the organic EL display device. First, an ITO
transparent conductive film having a thickness of 10 nm was
formed on the entire surface of an alkali-free glass
substrate 21 having a size of 38 mm x 46 mm by a sputtering
method, and then etched into a desired shape to form a

first electrode (transparent electrode) 22. At the same
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time, an auxiliary electrode 23 configured to take out a
second electrode was also formed (Fig. 3 (1)). The
obtained electrode-equipped substrate was ultrasonically
cleaned with Semico Clean 56 (trade name, manufactured by
Furuuchi Chemical Corporation) for 10 minutes, and then
cleaned with ultrapure water. Next, the photosensitive
resin composition obtained in each of Examples and
Comparative Examples was applied onto the entire surface of
the substrate by a spin coating method, and then pre-baked
on a hot plate at 120°C for 2 minutes. The obtained pre-
baked film was exposed from a high-pressure mercury lamp as
a light source with the minimum exposure dose of each
photosensitive resin composition through a photomask having
a desired pattern, then developed with a 2.38% by mass
aqueous TMAH solution to dissolve an unnecessary portion,
and rinsed with pure water to obtain a resin pattern. The
obtained resin pattern was heat-treated and cured at 230°C
for 60 minutes under an air atmosphere or a nitrogen
atmosphere using a high-temperature clean oven INH-9CD-S
manufactured by Koyo Thermo Systems Co., Ltd. In this way,
opening sections of 70 pym in width and 260 pm in length
were arranged at a pitch of 155 pm in the width direction
and a pitch of 465 um in the length direction, and a pixel
division layer 24 in a shape for exposing the first

electrode through the respective opening sections was
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formed only on a substrate effective area in a limited
fashion. In this way, a pixel division layer having an
aperture ratio of 25% was formed in the substrate effective
area having a quadrangular shape having one side length of
16 mm. The pixel division layer had a thickness of about
1.5 uym (Fig. 3 (2)).

[0194]

Next, an organic EL layer 25 including a light-
emitting layer was formed on the substrate on which the
pixel division layer was formed by a vacuum evaporation
method. The degree of vacuum during the evaporation
process was 1 x 1073 Pa or less, and the substrate was
rotated relative to an evaporation source during the
evaporation process. First, a compound (HT-1) was
evaporated at a thickness of 10 nm as a hole injection
layer, and a compound (HT-2) was evaporated at a thickness
of 50 nm as a hole transport layer. Next, a compound (GH-
1) that served as a host material and a compound (GD-1)
that served as a dopant material were evaporated as a
light-emitting layer at a thickness of 40 nm in such a
manner that the doping concentration became 10%. Next, a
compound (ET-1) and a compound (LiQ) that served as
electron transport materials were laminated at a thickness
of 40 nm and at a volume ratio of 1 : 1. 1In this way, the

organic EL layer 25 including the hole injection layer/the
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hole transport layer/the light-emitting layer/the electron
transport was formed (Fig. 3(3)). The structures of the
compounds used for the organic EL layer are as follows.

[0195]

[Chemical Formula 19]

NC CN O @
'S Q 5 O

HT—1 HT—2
Li—O
Ir I
: IN 1
3
GD—1 LiQ
[0196]

Next, a compound (LiQ) was evaporated at a thickness
of 2 nm, and then Mg and Ag were evaporated at a thickness
of 10 nm and at a volume ratio of 10 : 1 to form a second
electrode (non-transparent electrode) 26 (Fig. 3(4)).
Finally, a cap-shaped glass plate was bonded using an epoxy
resin adhesive under a low-humidity nitrogen atmosphere for
sealing, and thus four top-emission organic EL display
devices each having a quadrangular shape having one side
length of 5 mm were prepared on one substrate. The term
“film thickness” as used herein refers to a displayed value

on a quartz oscillation-type film thickness monitor.
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[0197]

By the above method, the prepared organic EL display
device was DC driven at 10 mA/cm?, and the initial
luminance was measured. Next, the same organic EL display
device was continuously DC driven at 10 mA/cm? at 85°C, and
a time until the luminance decreased to half from the
initial luminance was measured as a half-life of luminance.
A case where the half-life of luminance was 400 hours or
more was determined as “S”, a case where the half-life of
luminance was 380 hours or more and less than 400 hours was
determined as “A”, a case where the half-life of luminance
was 360 hours or more and less than 380 hours was
determined as “B”, and a case where the half-life of
luminance was less than 360 hours was determined as “C”.
[0198]

(6) Evaluation of light shielding property at 450 nm
(transmittance at 450 nm)

For the cured film prepared by the same method as
that in (1), the transmission spectrum of light having a
wavelength of 300 nm to 800 nm was measured using a UV-
visible spectrophotometer MultiSpec-1500 (manufactured by
Shimadzu Corporation), and the transmittance of light at a
wavelength of 450 nm per film thickness of 2.0 um after
curing was determined.

[0199]
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When the film thickness of the cured film was other
than 2.0 pm, the transmittance was converted into
absorbance, and the absorbance was corrected to absorbance
per film thickness of 2.0 um. Then, the absorbance was
converted into the transmittance again to determine the
transmittance at a wavelength of 450 nm per film thickness
of 2.0 um.

[0200]

(7) Evaluation of visible light shielding property
(OD value per 1 um)

The OD value of the cured film prepared in the same
manner as in (1) was measured using an optical densitometer
(361T; manufactured by X-Rite, Inc.). The obtained OD
value was divided by the film thickness of the cured film
to provide an OD value per 1 um (hereinafter, referred to
as OD/um) (OD value per 1 um=0D value/film thickness of
cured film).

[0201]

Synthesis Example 1: Synthesis of quinone diazide
compound (c-1)

Under a dried nitrogen stream, TrisP-PA (trade name,
manufactured by Honshu Kagaku Industry Co., Ltd.) (21.22 g
(0.05 mol)) and 5-naphthogquinonediazide sulfonic acid
chloride (26.87 g (0.10 mol)) were dissolved in 1,4-dioxane

(450 g) at room temperature. To this solution was added



98

dropwise a mixture of 1,4-dioxane (50 g) and triethylamine
(15.18 g) while avoiding the increase in temperature of the
inside of the system to 35°C or higher. After the dropwise
addition, the resultant mixture was stirred at 30°C for 2
hours. The triethylamine salt was removed by filtration,
the obtained filtrate was charged into water, and the
precipitate was collected by filtration. The obtained
precipitate was dried with a vacuum dryer to obtain a
quinone diazide compound (c-1) represented by the following
formula.

[0202]

[Chemical Formula 20]

a0 @@@ 0a o “Zr y

oaQ 2 : 1
(c—1)
[0203]
Synthesis Example 2 Synthesis of

polyhydroxystyrene (p-1)

To a mixed solution of 2400 g of tetrahydrofuran and
2.56 g (0.04 mol) of sec-butyllithium as an initiator,
105.75 g (0.6 mol) of p-t-butoxystyrene was added. The
resultant mixture was then polymerized with stirring for 3
hours, and a polymerization termination reaction was

performed by adding 12.82 g (0.4 mol) of methanol. Next,
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in order to purify the resultant polymer, the reaction
mixture was poured into 3 L of methanol, and the
precipitated polymer was then dried. The obtained polymer
was dissolved in 1.6 L of acetone, 2 g of concentrated
hydrochloric acid was added thereto at 60°C, followed by
stirring for 7 hours to deprotect the p-t-butoxy group, and
the p-t-butoxystyrene was converted into hydroxystyrene.
After the completion of the reaction, the solution was
poured into water to precipitate the polymer, and the
obtained precipitate was cleaned with water 3 times and
then dried in a vacuum dryer at 50°C for 24 hours to obtain
the target polyhydroxystyrene (p-1).

[0204]

Synthesis Example 3 Synthesis of diamine compound

18.3 g (0.05 mol) of 6FAP was dissolved in 100 mL of
acetone and 17.4 g (0.3 mol) of propylene oxide and cooled
to -15°C. A solution prepared by dissolving 3-nitrobenzoyl
chloride (20.4 g (0.11 mol)) in acetone (100 mL) was added
dropwise to the cooled solution. After the completion of
the dropwise addition, the mixture was allowed to react at
-15°C for 4 hours, and then the temperature was returned to
room temperature. The precipitated white solid was
separated by filtration and vacuum-dried at 50°C.

[0205]
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30 g of the obtained solid was placed in a 300-mL
stainless steel autoclave, and then dispersed in 250 mL of
methyl cellosolve, and 2 g of 5% by mass palladium on
carbon was added thereto. Hydrogen was introduced
thereinto with a balloon, and a reduction reaction was
performed at room temperature. After about 2 hours, the
reaction was completed when it was confirmed that the
balloon could not deflate any more. After the completion
of the reaction, the solution was filtered to remove the
palladium compound used as a catalyst and concentrated with
a rotary evaporator to obtain a fluorine atom-containing
diamine compound (o) as represented by the following
formula.

[0206]

[Chemical Formula 21]

N5 <V s B

FsC CFj3
(a)
[0207]
Synthesis Example 4 Synthesis of diamine compound
(B)

Into a 500-ml four-necked flask equipped with a
stirrer, a thermocouple and a dropping funnel, 25.66 g

(0.086 mol) of 4,4"'-(2-ethylhexylidene)diphenol and 100 ml
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of glacial acetic acid were charged and stirred, and the
internal temperature was raised to 50°C in a hot water
bath. 2 ml (0.026 mol) of concentrated nitric acid was
added dropwise thereto over 1 hour, and thereafter, the
internal temperature was lowered to 13°C by ice cooling,
and 13.3 ml (0.149 mol) of concentrated nitric acid was
further added dropwise over 1 hour. Thereafter, stirring
was continuously conducted for 3 hours, and the
precipitated yellow crystals were collected by filtration,
cleaned sequentially with 40 ml of glacial acetic acid and
80 ml of deionized water, and dried under reduced pressure
to obtain a dinitro form.
[0208]

Subsequently, 52.44 g (0.135 mol) of the dinitro
form, 180 ml (3.71 mol) of hydrazine monohydrate and 900 ml
of ethanol were put in a 2-L four-necked flask equipped
with a stirrer, a thermocouple, a Dimroth cooling tube and
a dropping funnel, and stirred under ice cooling, and 0.9 g
of 5% palladium on carbon (manufactured by Wako Pure
Chemical Industries, Ltd.) suspended in 30 ml of ethanol
was added dropwise thereto over 1 hour. Thereafter, the
solution was refluxed for 2 hours, and the palladium on
carbon was removed by filtration while cleaning with 300 ml
of ethanol. All of the solvent was removed by heating

under reduced pressure conditions. The residue was cleaned
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with 75 ml of ethanol cooled with ice and filtered, then
further cleaned sequentially with 75 ml of deionized water
and 150 ml of diethyl ether, and dried under reduced
pressure to obtain a diamine (B).

[0209]

[Chemical Formula 22]

H,N " NH,
HO O O OH
(B)

[0210]

Synthesis Example 5 Synthesis of diamine compound

A diamine compound (y) was obtained in the same
manner as in Synthesis Example 3 except that 16.4 g (0.05
mol) of the diamine compound (f) obtained in Synthesis
Example 4 was used in place of 6FAP.

[0211]

[Chemical Formula 23]

0HO OH0
iy o I ST A
H H H
(y)

[0212]

Synthesis Example 6 Synthesis of diamine compound
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A diamine compound (d) was obtained in the same
manner as in Synthesis Example 4 except that 26.70 g (0.086
mol) of 4,4'-(3,3,5-trimethylcyclohexylidene)bisphenol) was
used in place of 4,4'-(2-ethylhexylidene)diphenol) to
synthesize a dinitro form, and 54.06 g (0.135 mol) of the
dinitro form was used.

[0213]

[Chemical Formula 24]

H:N . NH,
HO uii [lEI{)H
(8)

[0214]

Synthesis Example 7 Synthesis of alkali-soluble
resin (a-1)

Under a dry nitrogen stream, 31.02 g (0.10 mol) of
ODPA was dissolved in 500 g of MPA. To this solution,
21.96 g (0.085 mol) of BAP and 1.24 g (0.005 mol) of SiDA
were added together with 50 g of MPA, and the solution was
allowed to react for 2 hours at 40°C. Next, 2.18 g (0.02
mol) of 3-aminophenol that served as an end-sealing agent
was added together with 5 g of MPA to the reaction
solution, and the resultant mixture was allowed to react at

50°C for 2 hours. Then, a solution prepared by diluting
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32.39 g (0.22 mol) of N,N-dimethylformamide diethyl acetal
with 50 g of MPA was charged. After the charge, the
solution was stirred at 50°C for 3 hours. After the
completion of the stirring, the solution was cooled to room
temperature and the solution was charged into 3 L of water
to obtain a white precipitate. The obtained precipitate
was collected by filtration, cleaned with water three
times, and then dried in a vacuum dryer at 80°C for 24
hours, thereby obtaining a polyimide precursor (a-1) which
was an alkali-soluble resin.
[0215]

Synthesis Example 17 Synthesis of alkali-soluble
resin (a-11)

Under a dry nitrogen stream, 12.92 g (0.050 mol) of
BAP, 12.82 g (0.035 mol) of 6FAP, 1.24 g (0.005 mol) of
SiDA, 2.18 g (0.02 mol) of MAP, and 52.8 g (0.6 mol) of
glycidyl methyl ether were dissolved in 500 g of MPA, and
the temperature of the solution was cooled to -15°C. A
solution prepared by dissolving 29.51 g (0.10 mol) of OBRBC
in 50 g of MPA was added dropwise thereto so that an
internal temperature did not exceed 0°C. After the
completion of the dropwise addition, stirring was
continuously conducted at -15°C for 6 hours. After the
completion of the reaction, the solution was charged into 3

L of water containing 10% by weight of methanol and a white
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precipitate was collected. The obtained precipitate was
collected by filtration, cleaned with water three times,
and then dried in a vacuum dryer at 80°C for 24 hours,
thereby obtaining a polybenzoxazole precursor (a-11) which
was an alkali-soluble resin.

[0216]

Synthesis Examples 8 to 16 and 18 to 25, and
Comparative Synthesis Examples 1 to 4

Polyimide precursors (a-2) to (a-10), (a-12) to (a-
19), and (a'-1l) to (a'-4) were obtained in the same manner
as in Synthesis Example 7 except that the amine component,
the acid component, and the polymerization solvent were
changed as shown in Table 1.

[0217]

Comparative Synthesis Example 5

A polybenzoxazole precursor (a'-5) was obtained in
the same manner as in Synthesis Example 17 except that the
amine component, the acid component, and the polymerization
solvent were changed as shown in Table 1.

[0218]

The names of the compounds used for each of Examples
and Comparative Examples are shown below. Compounds other
than commercially available products were synthesized using
known methods.

GBL: y-butyrolactone
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MPA: 3-methoxy-N,N-dimethylpropanamide

NMP: N-methylpyrrolidone

BAP: 2,2-bis(3-amino-4-hydroxyphenyl)propane (diamine
containing no fluorine atom)

ABPS: bis (3-amino-4-hydroxyphenyl)sulfone (diamine
containing no fluorine atom)

BAHF: 9,9-bis(3-amino-4-hydroxyphenyl) fluorene
(diamine containing no fluorine atom and having fluorene
structure)

SiDA: 1,3-bis(3-aminopropyl)tetramethyldisiloxane
(diamine containing no fluorine atom and containing silicon
atom)

oFAP: 2,2-bis(3-amino-4-
hydroxyphenyl) hexafluoropropane (diamine containing
fluorine atom)

8FBZ: 4,4'-diamincoctafluorobiphenyl (diamine
containing fluorine atom directly bonded to sp2 carbon)

MAP: 3-aminophenol

ODPA: 3,3',4,4'-diphenyl ether tetracarboxylic
dianhydride (acid dianhydride containing no fluorine atom)

TDA: tetralin dianhydride (acid dianhydride
containing no fluorine atom and containing alicyclic
structure)

6FDA: 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane

dianhydride (acid dianhydride containing fluorine atom)
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OBBC: diphenyl ether dicarboxylic acid dichloride
(acid chloride containing no fluorine atom)

b-1: 1,2,4-trihydroxybenzene (aromatic hydrocarbon
compound having at least three phenolic hydroxyl groups in
one aromatic ring)

b'-1: 1,1,1-tris(4-hydroxyphenyl)ethane

BTS: butyl p-toluenesulfonate (thermal acid generator
that generates specific sulfonic acid and/or sulfonate ions
during heat-treatment)

s-1: 3-glycidoxypropyltrimethoxysilane (silane
coupling agent)

e-1: thermal crosslinking agent represented by
structure shown below

e-2: thermal crosslinking agent represented by
structure shown below

dl-1: dye represented by structure shown below

dl-2: dye represented by structure shown below
[0219]

[Chemical Formula 25]
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MeO OH OMe MeO OMe
MeO @ OMe NiN
HO—~(/_H——("-oH Meo~ NN N"~OMe
MeO OMe Meo” Some

(e—1) (e—2)

N 0 N 0

V""“ \f""“

<l a0

so3 HN_-

1 : 1

[0220]

Example 1

In 50 g of GBL, 10.0 g of a polyimide precursor (a-
1), 2.0 g of a photosensitive compound (c-1), and 2.0 g of
(e-1) were dissolved, and then the resultant solution was
filtered through a 0.2 um polytetrafluorocethylene filter to
obtain a varnish A-1 of a positive-type photosensitive
resin composition. Using the obtained varnish A-1, the
electron probe microanalyzer measurement of the cured film,
the evaluation of the reworkability during the preparation
of the cured film, the evaluation of the bending resistance
of the cured film, the calculation of the content of p-

alkoxypropionamide in the cured film, the evaluation of the
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long-term reliability of the organic EL display device, the
evaluation of the light shielding property at 450 nm, and
the evaluation of the wvisible light shielding property were
performed as described above.

[0221]

The cured film contains a compound derived from a
quinone diazide compound (c-1), that is, one or more
selected from the group consisting of a carboxylic acid
having an indene structure, a carboxylic acid ester having
an indene structure, a sulfonic acid having an indene
structure, and a sulfonic acid aryl ester having an indene
structure. This can be confirmed by analyzing the cured
film by methods such as proton nuclear magnetic resonance
spectroscopy, infrared spectroscopy, pyrolysis gas
chromatography-mass spectrometry, reactive pyrolysis gas
chromatography-mass spectrometry, liquid chromatography-
mass spectrometry, and time-of-flight secondary ion mass
spectrometry.

[0222]

Examples 2 to 33, Comparative Examples 1 to 5

Varnishes of photosensitive resin compositions were
obtained in the same manner as in Example 1 except that a
component (a), a component (b), a component (c), other
components, and a solvent were changed as shown in Tables 2

and 3. Using the obtained varnishes, the electron probe
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microanalyzer measurement of the cured film, the evaluation
of the reworkability during the preparation of the cured
film, the evaluation of the bending resistance of the cured
film, the calculation of the content of B-
alkoxypropionamide in the cured film, the evaluation of the
long-term reliability of the organic EL display device, the
evaluation of the light shielding property at 450 nm, and
the evaluation of the visible light shielding property were
performed as described above. A compound derived from a
quinone diazide compound (c-1) in the cured film was the
same as that in Example 1.

[0223]
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Amine component

Diamine containing

Monoamine

Basi Polymerization Diamine containing r.c\lfluor:me- atom P I — Gl
solvent (molar ratio) I e a
{molar ratic) ratio)
BAP ABPS BAHF B L 5 SiDA GFAP o BFBZ MAP
5 sis y
ynthe. i— a-1 Polyimide MER 85 5 20
Example PLecursor
SI)mLhe:.Ls a2 Po].yuvu.d.e. MPA o5 . 20
Example 8 precursor
E—ynthdld a-3 Polyimide MER 85 5 20
xample 9 precursor
= y e
T.\mthesl:! _— Polyimide MER 50 5 35 20
Example 10 precursor
Eynr_ha:is_ - E’D].}:imide MER 70 5 15 20
Example 11 pracursor
Synthesis N Polyimide . "
Example 12 =i precursor MEH e » A =l
= 7 T
Synthesis a-1 Polyimide MER 63 5 22 20
Example 13 precursor
Synthesis Polyimide = -
Example 14 a-8 precursor HER 15 5 10 20
Synthesis e Polyimide 5
Example 15 & precursor L % a0 5 2N
Synthesis Polyimide
Example 16 a-10 precursor NMP 75 5 10 20
Sy i = =
I.\.m.lmsu Ry Polybenzoxazole MEA 50 5 35 20
Example 17 precursor
Synthesis Palyimide
ynthesi a-12 o — MPR 0 20
Example 18 precursor
Synthesis Polyimide
Example 19% Lt pracursor b i i 29
Synthesis A Polyimide MEL 75 15 20
Example 20 precursor
Synthesis 4-15 Po].yj.mu.ie. — 85 5 20
Example 21 precursor
Synthesis = Polyimide
Example 22 | °°1° precursor e e ° -
Sy i imi
T.}nthesl:! a-17 Polyimide MER 85 5 20
Example 23 precursor
Synthasis _ Polyimide
Example 24 L precursor M B 3 -
Synthesis " Polyimide - -
Example 25 ald precursor MEX a5 J o
Comparative o
Synthasis | Sflz;‘:;:i MEA 35 5 50 20
Example 1
Comparative P
Synthesis | a'-2 Paliiadie MEA 50 5 15 20
Example 2 precursor
Comparative .
ynthesis | a'-3 ::Li“l’:;:‘: MER 5 85 20
Example 3
Comparative B
Synthesis | a'-4 Rolyloide MER 85 5 20
EikaTa i precursor
Comparative R
Synthesiz | a'-5 | Eol¥benzoxazola MER 5 08 20
Example 5 PrecuUrsor
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Acid component

Acid dianhydride |acid chloride :?ldh Y
KaS 1 Polymerization containing no |[containing ne Jaf T
solvent fluorine atom fluorine atom |Son o nind
5 % fluorine atom
(molar ratio) (molar ratio)
{molar ratio)
QODPA TDA OBBC 6FDA
Synthesis a1l Polyimide MPA 100
Example 7 Precursor
Synthesis Polyimide
¥ a-2 = MPA 100
Example 8 precursor
Synthesis . Polyimide MDA 100
Example 9% precursor
Synthesis el Polyimide MPA 100
Example 10 precursor
Synthesis a5 Polyimide MPA 100
Example 11 precursor
Synthesis g Polyimide
Example 12 i precursor HER, 100
Synthesis a1 Polyimide MPA 100
Example 13 precursor
Synthesis & Polyimide MPA 100
Example 14 precursor
Synthesis Polyimide
Example 15 Bl precursor L 100
Synthesis a-10 Polyimide NMP 100
Example 16 precursor
Synthesis a1l Polybenzoxazole MPA 100
Example 17 precursor
?ynth951s a 12 Polyimide MPA 100
Example 18 precursor
Synthesis Polyimide
Example 19 i precursor Ty sy
Synthesis a-1d Polyimide MPA 100
Example 20 PrLecursor
Synthesis Polyimide
Example 21 gl precursor MER 249
= : —
?ynthesla a-16 Polyimide MPA 100
Example 22 precursor
Synthesis Polyimide
= = | a-17 Y MPA 50 50
Example 23 precursor
Synthesis a 18 Polyimide MPA 70 30
Example 24 PLECUrsor
Synthesis a-19 Polyimide MPR 100
Example 25 precursor
Comparative -
Synthasis | a'-1 ;iiﬂ;f‘f MPA 100
Example 1
Comparative g
Synthesis | a'-2 By MPA 100
Example 2 precursor
Comparative ;
: Poly de
Synthesis a'-3 p?pii?io? MPA 100
Example 3 o
Comparative ;
Synthesis a'-4 Polylm1d§ MPA 100
Example 4 precursor
Comparative =
n Polyben 1
Synthesis a'-5 & ngiiif:io o MPA 100
Example 5 S

[0224]
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Example 1| Example 2 | Example 3| Example 4 | Example 5
Photosensitive resin composition A-1 A-2 A-3 A-4 A-5
a=1 10.0 g
a=2 10.0 g
a=3 10.0 g
a=4 10.0 g
a-5 10.0 g
Cemponent  (a) a=6
a=7
a-B
Formulation of
photosenaitive a-9
resin a-10
composition
a-11
Component (c) o=1 2.0g 2.0 g 2.0 g 2.0g 2.04g
Component (b) b-=1
*=]
e-1 2.0qg 2.0¢g 2.0 g 2.0 g 2.0qg
Others
BTS
p-1
Solvent GBL 50 g 50 g 50 g 50 g 50 g
F/C ratio of cured film ] 0 0 0.045 0.020
5i/C ratioc of cured film 0.002 0.002 0.002 0.002 0.002
Content of f-alkoxypropionamide in cured [ilm
(% by mass) 0.2 0.2 0.2 0.2 0.2
Reworkability during preparation of cured film B B A A iy
Bending resistance Minimum radius of curvature (mm) 0.1 0.1 0.5 0.2 0.1
Evaluation of cured film
e T Determination s s El a s
Long-term Half-life of luminance (hr) 410 410 410 360 380
reliability of
organic EL display
device Determination 5 - 8 B A
Light shielding R S
preparty at 450 nm Transmittance (%) a8 G ;] [:1:] a8
Visible light oD value per 1 pm {OD/jm) 0.1 0.1 0.1 0.1 0.1

shielding property




[Table 2-1-2]
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Example & | Example 7 | Example 8 | Example 9
Photosensitive resin composition A-6 A=-7 A-B A=9
a-1
a-2
a-3
a=1
a-5
Component (a) a-6 10.0 g
a=7 10.0 g
a-8 10.0 g
Formulation of
photosensitive a-9 10.0 g
resin a=10
composition
a-11
Component  (c) c-1 2.0g 2.0¢g 2.0 g 2.0qg
Component (b) b=1
BY=1
e-1 2.0 g 2.0 g 2.0 g 2.0 g
Cthers
BTS
p-1
Solvent GBL 50 g 50 g 50 g 50 g
F/C ratio of cured film 0.007 0.046 0.021 0
5i/C ratio of cured film 0.002 0.002 0.002 0.002
Content of S-alkoxyprop19§am1de in cured film 0.2 oLz 0.2 0.2
(% by mass)
Reworkability during preparation of cured film B A A A
Bending resistance |Minimum radius of curvature (mm} 0.1 0.2 0.1 0.3
Evaluation of cured film
renniks Determination s A 5 A
PO“Q't?Im Half-life of luminance (hr) 400 380 400 410
reliability of
organic EL display
device Determination s a 5 s
paght ghiesd.ng Transmittance (%) 88 88 88 88
property at 450 nm
Visible light oD value per pm  (OD/pm) 0.1 0.1 0.1 0.1

shielding property

[0225]
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[Table 2-2-1]

Example 10|Example 11|Example 12|Example 13|Example 14
Photosensitive resin composition A=-10 A-11 A=-12 A-13 A-14
a-1
a=2
a=3
a=4
a=5
Component (a) a=6
a-7 10.0 g 10.0 g 10.0 g
a-8
Formulation of :
photosensitive a-9
- a-10 10.0 g
composition
a-11 10.0 g
Component (c) e=1 2.0 g 2.0g 2.0 g 2.0 g 2.0 g
Component (b} b-=1 2.0 g
b'-1 2.0g
e-1 2.0 g 2.0 g 2.0 g 2.0q9g 2.0 g
Others
BTs 0.5 g
Pl
Solvent GBL 50 g 50 g 50 g 50 g 50 g
F/C ratio of cured film 0.021 0.048& 0.045 0.04% 0.04&
5i/C ratio of cured film 0.002 0.002 0.002 0.002 0.002
o _ — - .~ B
Content of B alkoxyp_:.oplf:rllamldc in cured film 0 0.2 0.2 0.2 0.2
{% by mass)
Reworkability during preparabtion of cured [ilm A A A A A
Minimum radius of curvature P , P -
Banding resistance of (mm) 0.1 0.2 0.2 0.2 0.2
Evaluation cured film P =
B Determination s A A A A
Long-term reliability | Half-life of luminance (hr) 390 360 400 380 400
ot organic EL display
device Determination A B s A L}
Light shielding . ; .
Betanty St St Transmittance (%) 1] a8 55 BB 1]
Visible [}r"fi?ﬁ:_t";”ﬂqu oD value per 1 pm (OD/um) 0.1 0.1 0.1 0.1 0.1
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Example 15|Example l16|Example 17|Example 18
Photosensitive resin composition A-15 A-16 A-17 A-18
a-1
a=2
a-3
a-4 10.0 g 10.0 g 10.0 g
a-5
Component (a) a-6
a=7 10.0 g
a-8
Formulation of
photosensitive a-9
res%n a=10
compoaition
a=-11
Component (c) c-1 2.0 -9 I 2.0 g 2.0 g
Component (b) b-1 2.0g 2.0 g
b'-1
a=1 2.0 g 2.0g 2.0 g 2.0 g
Others
BTS 0.5 g 0.5 g
p=-1 2.0 g
Solvent GBL 50 g 50 g 50 g 50 g
F/C ratio of cured film 0.045 0.044 0.044 0.044
Si/C ratio of cured film 0.002 0.002 0.002 0.002
Content of PB-alkoxypropionamide in cured film
(5 by mass) 0.2 0.2 0.2 0.2
Reworkability during preparation of cured film A A A A
Minimum radius of curvature
Bending resistance of {mm) 0.2 0.3 0.3 0.3
Evaluation cured film
e Determination A A A A
Long=-term reliability Half-life of luminance (hr) 400 380 380 400
of organic EL display
device Determination s A A s
Light shielding Transmittanes (¥) 28 55 88 55
property at 450 nm
Visi i shi 1
Ladble dight shislddng] on walie: per 1w (0D/um) 0.1 0.1 0.1 0.1

property

[0226]
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Example 19|Example 20(Example 2Z1|Example 22|Example 23|Example 24
Photosensitive resin composition A-19 A-20 A-21 A-22 A-23 A-24
— 10.0 g
a=12 10.0 ¢ 10.0 ¢ 10.0 g
a=13 10.0 g
a-14 10.0 g
Component {a)
a=16
a=17
Formulaticn of a-18
aiti
photosensitive a-1%
resin
composition Component  {c) c-1 2.09g 2.0g 2.0 g 2.0 g 2.0 g 2.0 g
Component (b} b=
b'=
a-1 2.0 g 2.0 q 2.0 g 2.0 g 2.0 q 2.0 g
Others nrs
p-1
=1 0.5 g 2.0 q 0.5 q
Solvent GBL 50 g 50 g 50 g 50 g 50 g 50 g
F/C ratic of cured film ) a o 1] o o
-] ratio of cured film o 0.004 0.008 0.003 0.00%9 0.005
Contenl of P-alkoxypropionamide in cured (ilm .5 b d.2 b5 8
(% by mass)
keworkability during preparation of cuzed film I n n n i B
Minimum radius of curvature
Bending g of o) 0.3 0.1 0.1 0.1 0.1 0.1
e cured film
SRS AL, Determination a s 5 s 5 s
results
Long-term reliability | Balf-life of luminance (hr) 410 390 370 410 360 380
of organic EL diaplay
I Detexmination 5 A 1] 8 B A
T WAy Tranamitlanca (%) RE 88 a8 B8 -1 a8
property at 450 nm
b 1d4
Visible light shielding| . cuiig per 1 mm (0070 0.1 0.1 0.1 0.1 0.1 0.1

property
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[Table 2-3-2]

Example 2%|Example 26|BExample 27|Example 28|Example 29|Example 30
Photosensitive resin composition A=-25 A-26 A-27 A-28 A A-30
a=1 10,0 g
a-12
a=13
Component  {a) 10.0 g
a=1§ 10.0 g
a-17 10.0 g
Formulation of a-18 10.0 g
photosensitive e
resin b 0.0 g
composition Component  {c) c-1 2.0 g 2.0 4qg 2.0qg 2.0 g 2.0 g 2.0 g
Component (b} b-1
b=
e-1 2.0 g 2.0 g 2.0 g 2.0 g 2.0 g 2.0 g
Others nrs
p-1
=1 2.0 9
Solvent GBL 50 g 50 g 50 g 50 g 50 g 50 g
F/C ratic of cured film ) a o 1] o 0
-] ratio of cured film 0.011 0.002 0.002 0.002 0.002 0.002
C il of f-i < 5| ide i g o0 i
ontonl fi-al koxypro namide in cured [ilm W2 8.2 G.2 6.4 0.2
(% by mass)
keworkability during preparation of cuzed film u A a A o A
Minimum radius of curvature o
Rending resistance of {mm) 0.1 0.3 0.3 0.5 0.2 0.5
T - cured film
EvaLiatinn Determination s A A B A B
results
Long-term reliability | Balf-life of luminance (hr) 360 410 410 410 410 410
of organic EL diaplay
= Detexmination B 5 5 8 5 5
WL Tranamitlanca (%) RE 88 a8 B8 -1 a8
Ly at 450 nm
Visible light 0D value per 1 pm {OD/pm) 0.1 0.1 0.1 0.1 0.1 0.1

property

[0227]
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Example 31 Example 32 Example 33
Photosensitive resin composition A-31 A-32 A-33
Component (a) a-1 10.0 g 10.0 g 10.0 g
Component (c) c-1 2.0 g 2.0 g 2.0 g
b-1 2.0 g 2.0 g
Formulation of Eompansna ) R
photosensitive s aub; g
resin
composition e-2 2.0 g 2.0g 2.0g
Others dl-1 1.0 g
dz2-1 0.8 g
Solvent GBL 30 g 50 g 50 g
F/C ratioc of cured film [s] 4] a
si/C ratio of cured film 0.002 0.002 0.002
Content of B-alkoxypropionamide in cured film
- 0.2 { [ 0.2
(% by mass)
Reworkability during preparation of cured film B B B
Minimum radius of curvature
Bending resistance (mm) e e 0.1
Evaluation of cured film
results Determination s g 8
Long-term . e ’
reliability of Half-life of luminance (hr) 410 420 420
organic EL display
device Determination s B S
Tight shielding Transmittance (%) 5 27 4
property at 450 nm
Visi 3
1z3ble; Lighs OD value per 1 um (OD/um) 0.2 0.1 0.9

shielding property

[0228]
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Comparative

mple 1

Comparative

Fxample 4

Fholosensilive reain composilion -1 c-4
3 "= 10
10.0 g
Component (a) 0.0 g

'-4 10.0 g
a'=h 10.0 g

Formulation of N _ - - §

phot itive Component () -1 2.0 g 2.0 2.0 g 2.0 g 2.0 g

T Componsnl  (b) b-1
compoziLion
bt=1
a1 2.0 g 2.0 g 2.0 g 2.0 g 2.0 g
Others

BIs

Soalvent

GRT,

20 g

a0 g

Evaluation
results

F/C ratio

of cured film

0.063

0.071

i

-109

5i/C ratio

of cured film

0.002

0

-002

Content of f-alkoxyproplonamide in cured film
(% by mass)

Heworkabllity durlng preparallon of cured L[1lm

Bending re

Minimum radiuns af
curvature (mm)

ol cured

NDetermination A A A R
Half-life of luminance 340 140 330 190 320
{hr)
device Determination c c c c C
Light shielding g S aF
16 A

properly alL 450 nm

Transmittance (%)

Viaible

shielding

00 value per pm (/pm)

DESCRIPTION OF REFERENCE SIGNS

[0229]

Substrate

TET

TFT insulation layer
Wiring

Planarization layer
Contact hole

First electrode
Pixel division layer

Organic EL layer




10:
11:
12:
13:
14,
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:

25:

26:
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Second electrode

Display device

Light-emitting element

Cured film

l4c: Metal wiring

Counter substrate

Electrode terminal

Light-emitting element drive substrate
Drive element

Barrier metal

Solder bump

Non-alkali glass substrate

First electrode (transparent electrode)
Auxiliary electrode

Pixel division layer

Organic EL layer

Second electrode (non-transparent electrode)
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CLAIMS

[Claim 1] A cured film comprising a polyimide and/or a

polybenzoxazole, wherein

a molar ratio F (fluorine atom)/C (carbon atom) of a
fluorine atom to a carbon atom obtained when a cross
section of the cured film is measured with an electron

probe microanalyzer is 0 or more and 0.05 or less.

[Claim 2] The cured film according to claim 1, further
comprising one or more compounds selected from the group
consisting of a carboxylic acid having an indene structure,
a carboxylic acid ester having an indene structure, a

and a sulfonic

sulfonic acid having an indene structure,

acid aryl ester having an indene structure.

[Claim 3] The cured film according to claim 1 or 2,
further comprising polyhydroxystyrene and/or a

polyhydroxystyrene/polystyrene copolymer.

[Claim 4] The cured film according to claim 1 or 2,
further comprising an aromatic hydrocarbon compound having

at least three phenolic hydroxyl groups in one aromatic

ring.
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[Claim 5] The cured film according to claim 1 or 2,

further comprising PB-alkoxypropionamide.

[Claim ©] The cured film according to claim 1 or 2,
further comprising one or more sulfonic acids selected from
the group consisting of compounds represented by any of the
formulas (3) to (5) or sulfonate ions derived from one or
more sulfonic acids selected from the group consisting of
compounds represented by any of the formulas (3) to (5):

[Chemical Formula 1]

(R)n
2|
\ /)—SO3zH (3)
R®-SO;H (4)
2 SOzH (5)
wherein

in the formula (3), R® each independently represents
a hydrogen atom or a monovalent organic group having 1 to
10 carbon atoms, and n represents an integer of 1 to 5; and
in the formula (4), R® represents a monovalent

organic group having 1 to 10 carbon atoms.

[Claim 7] The cured film according to claim 1 or 2,

wherein
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the polyimide and/or the polybenzoxazole has
repeating units each composed of an acid component and an
amine component, and

when the acid component and the amine component in
all the repeating units are each 100 mol%, the total of the
acid component having a fluorene structure and the amine
component having a fluorene structure is 0 mol®% or more and
50 mol% or less with respect to 200 mol% of the total of

the acid component and the amine component.

[Claim 8] The cured film according to claim 1 or 2,
wherein the polyimide and/or the polybenzoxazole has a
residue represented by the formula (6):

[Chemical Formula 2]

*—X1 X2 X1—x%

(6)

(R84 (R®)q4

wherein

in the formula (6), X! each independently represents
a direct bond, a divalent group represented by the formula
(7) or a divalent group represented by the formula (8), X2
represents a divalent group represented by the formula (9)
or the formula (10), R® each independently represents an
alkyl group having 1 to 4 carbon atoms or a hydroxyl group,

and d each independently represents an integer of 0 to 4;
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[Chemical Formula 3]

**—H P . * *=0 /*
%‘j (7) %-_I-? (8)
(R%). (R%)e
in the formulas (7) and (8), R? each independently
represents an alkyl group having 1 to 4 carbon atoms or a
hydroxyl group, e each independently represents an integer
of 0 to 4, * represents * in the formula (6), ** represents
a bonding point bonded to an aromatic ring;
[Chemical Formula 4]
(R} R12 R™
\Q’g (9) < (10)
*7 %
in the formulas (9) and (10), R!! each independently
represents an alkyl group having 1 to 4 carbon atoms, R12
and R13 each independently represent a hydrocarbon group
having 1 to 10 carbon atoms or a hydrogen atom, *
represents a bonding point bonded to an aromatic ring, f
each independently represents an integer of 1 to 4, g
represents 1 or 2, provided that R!? and R!3 represent

different substituents.

[Claim 9] The cured film according to claim 1 or 2,
wherein
the polyimide and/or the polybenzoxazole has

repeating units each composed of an acid component and an
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amine component, and

when the acid component and the amine component in
all the repeating units are each 100 mol%, the total of the
acid component having an alicyclic structure and the amine
component having an alicyclic structure is 0 mol% or more
and 40 mol% or less with respect to 200 mol% of the total

of the acid component and the amine component.

[Claim 10] The cured film according to claim 1 or 2,
wherein the polyimide and/or the polybenzoxazole contains a
repeating unit having a fluorine atom directly bonded to an

sp2 carbon.

[Claim 11] The cured film according to claim 10, wherein

the polyimide and/or the polybenzoxazole has
repeating units each composed of an acid component and an
amine component, and

when the acid component and the amine component in
all the repeating units are each 100 mol%, the total of the
acid component having a fluorine atom directly bonded to
the sp2 carbon and the amine component having a fluorine
atom directly bonded to the sp2 carbon is 5 mol% or more
and 100 mol®% or less with respect to 200 mol% of the total

of the acid component and the amine component.



127

[Claim 12] The cured film according to claim 1 or 2,
wherein a molar ratio Si (silicon atom)/C (carbon atom) of
a silicon atom to a carbon atom obtained when a cross
section of the cured film is measured with an electron

probe microanalyzer is 0.001 or more and 0.005 or less.

[Claim 13] The cured film according to claim 1 or 2,
wherein the cured film has a transmittance of light at a
wavelength of 450 nm per film thickness of 2.0 pym of 30% or

less.

[Claim 14] The cured film according to claim 1 or 2,
wherein the cured film has an OD value of 0.5 to 1.5 in

visible light per film thickness of 1 um.

[Claim 15] An organic EL display device comprising the

cured film according to claim 1 or 2.

[Claim 16] The organic EL display device according to
claim 15, further comprising a color filter having a black

matrix.

[Claim 17] An electronic component comprising the cured

film according to claim 1 or 2.



